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ABSTRACT 
 
 
Environmental justice communities, those disproportionately affected by pollutants, are simultaneously 
exposed to multiple environmental stressors and also experience social and cultural factors that may 
heighten their health risks in comparison to other communities.  In addition to being more susceptible to 
toxic exposures and being exposed to more toxins, such communities may have weakened abilities to 
combat or rebound from such exposures. Many communities that are overburdened by environmental 
exposures reject traditional risk assessment approaches that solely consider the effects of single chemicals 
or mixtures of like chemicals and instead have advocated for the use of place-based approaches and 
collaborative problem solving models that consider cumulative exposures and impacts.  Cumulative risks 
are the combined risks from aggregate exposures to multiple agents or stressors, including chemical, 
biological or physical agents and psychosocial stressors. This dissertation adapts three research 
approaches that each use either publicly available data (“expert” data) or community-generated data about 
environmental and social factors in Northwest Atlanta’s Proctor Creek Watershed. Through this work, we 
were able to define cumulative environmental and social impacts experienced by watershed residents and 
to prioritize geographic areas and environmental challenges for investments in environmental monitoring 
and further research, community capacity-building, and policy change.  A principal finding of the study is 
that local community knowledge is helpful to fill critical gaps about local conditions and pollution 
sources than a reliance on expert data alone. 
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Introduction and Statement of Purpose  
 
Urban communities can be negatively affected by environmental hazards and stressors 
contained in the urban environment. The authors of Toxic Wastes and Race at Twenty, reported 
that more than 9,000,000 people in the United States live within three kilometers of 413 
commercial hazardous waste facilities (Bullard et al., 2007).  The majority of these are people of 
color, and many live in communities in which more than one hazardous waste facility exists.  
Living in close proximity to environmental hazards including: hazardous waste sites, industrial 
sites, high traffic roadways, gas stations, and repair shops is associated with increased risk for 
adverse health outcomes such as adverse pregnancy outcomes, childhood cancer, cardiovascular 
and respiratory illnesses, and other chronic conditions (Brender et al., 2011). Exposure to 
unhealthy environmental conditions contributes greatly to producing and maintaining health 
disparities. 
In the context of urban environments, health disparities can be described as partially 
caused by exposures to environmental hazards and differential access to resources (Payne-
Sturges & Lee, 2006).  Environmental justice communities, those disproportionately affected by 
pollutants, are simultaneously exposed to multiple environmental stressors and also experience 
social and cultural factors that may heighten their health risks in comparison to other 
communities (Zartarian et al., 2011).  Such social and environmental factors have been 
associated with racial and ethnic disparities in health, although there is a lack of clarity with 
respect to how these disparities occur (Gee & Payne-Sturges, 2004). It is difficult to tease apart 
the impact of race and socio-economic status on environmental health disparities. Because 
communities in the United States are often segregated along racial and economic lines, low-
income and communities of color often live in the worst conditions and subsequently exhibit the 
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highest levels of a wide array of health problems (Bell & Rubin, 2007). The poor environmental 
quality found in such neighborhoods has the most significant impact on populations whose 
health status is already at risk (CDC, 2010). Residential segregation has been associated with 
differential experiences of community stress, exposure to pollutants, and access to community 
resources (Gee & Payne-Sturges, 2004). Thus, the accumulation of these stressors, when not 
combated or counterbalanced, may result in heightened vulnerability to environmental hazards 
(p. 1646). 
In addition to being more susceptible to toxic exposures and being exposed to more 
toxins, such communities may have weakened abilities to combat or rebound from such 
exposures. Many communities that are overburdened by environmental exposures reject 
traditional risk assessment approaches that solely consider the effects of single chemicals or 
mixtures of like chemicals and have instead advocated for the use of place-based approaches and 
collaborative problem solving models that consider cumulative exposures and impacts (NEJAC, 
2004).               
In response to concerns about limitations in the traditional risk assessment paradigm and 
the increased emphasis on cumulative exposures and impacts, the United States Environmental 
Protection Agency (U.S. EPA) first established guidance on cumulative risk assessment in 1997.  
The agency’s most recent guidance, the Framework for Cumulative Risk Assessment, was 
published six years later. Cumulative risks are the combined risks from aggregate exposures to 
multiple agents or stressors, including chemical, biological or physical agents and psychosocial 
stressors.  Cumulative risk assessment is defined as the, “…analysis, characterization, and 
possible quantification of the combined risks to human health or the environment from multiple 
agents or stressors,” (U.S. EPA, 2003).  In contrast to traditional risk assessment, cumulative risk 
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assessment is not required to be quantitative. Depending on the data needed to understand 
potentials exposures and risks, qualitative methods and analyses may be more appropriate 
(Callahan & Sexton, 2007; USEPA, 2003a, 2007b). There are also varying uses for the analyses 
that result from conducting cumulative risk assessments. In the Framework for Cumulative Risk 
Assessment (2003), U.S. EPA indicates that although cumulative risk assessments may be used to 
test hypotheses, it is more probable that such assessments be used as tools for risk management 
and decision making (p. 11). 
Key considerations for population-focused cumulative risk assessment include the 
examination of toxic mixtures, multiple exposure routes, population vulnerabilities, and 
sensitivities associated with population subgroups. Specific vulnerabilities include 1) 
susceptibility and sensitivity due to factors such as genetics, race/ethnicity, and age; 2) 
differential exposure that may be influenced by cultural practices; 3) differential preparedness 
(i.e., lack of access to health care; and 4) differential ability to recover (i.e., immune function can 
be compromised because factors like poor nutrition can enhance susceptibility to pollution) (Gee 
& Payne-Sturges, 2004; U.S. EPA, 2003). 
In part, to address concerns about the limitations of the traditional risk assessment 
paradigm, new approaches have advanced down two tracks: 1) one that considers the combined 
effects of chemical mixtures resulting from similar modes of toxic action and leading to similar 
toxic endpoints, and 2) the other that considers the combined effects of exposure to chemicals 
and the interaction of non-chemical stressors such as socioeconomic status, low educational 
attainment, and inadequate access to health care and related psychosocial stress (Sexton, 2012). 
These two tracks represent two diverse approaches that characterize the majority of cumulative 
risk assessment scoping and problem formulation: a stressor-based approach used in assessments 
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of chemical mixtures and the effects-based approach that is used to examine combinations of 
chemical and nonchemical stressors (Sexton, 2012; U.S. EPA, 2003). While there is yet no single 
protocol for assessing cumulative risks using either the stressor-based or effects-based 
approaches, a number of published papers (Alexeeff et al., 2012; Huang & London, 2012; 
Sexton, 2012; Linder & Sexton, 2011; Sadd et al., 2011; Barzyk et al., 2010; Su et al., 2012; 
Menzie et al., 2007) offer a diverse set of methodological applications that have been used to 
evaluate cumulative risks and impacts.    
Just as there is no consensus concerning approaches to assess cumulative risks, there is 
no single conceptual model to guide hypothesis testing or to inform risk management decisions 
to address health disparities likely resulting from the interaction of multiple stressors.  A 
proposed conceptual model for examination of cumulative risks is found in Figure 1.  This model 
extends the work of deFur et al. (2007) who emphasized vulnerabilities in the context of 
cumulative risk assessment. Social conditions such as social capital, resources, and behavior 
were identified as factors that contribute to vulnerability (p. 822), however these factors were not 
also considered for their potential protective qualities. Identified in this conceptual model as 
assets, their omission from the original model underscores the need for additional research on 
their impact on health outcomes identified in cumulative risk assessments. Specifically, these 
assets can buffer the manner in which stressors interact with individuals, communities, or 
populations (receptors) or how these receptors respond to stressors.   
8 
 
 Figure 1: Conceptual model of cumulative risk assessment 
 
The lack of consensus on approaches by which cumulative risks can be characterized and 
quantified poses challenges, not only for the scientific community, but for also for communities 
impacted by exposure to multiple chemical, biological, physical, and psychosocial stressors.  
Discourse with respect to cumulative risk assessment and helpful tools to facilitate its 
implementation have appeared in peer-reviewed scientific journals, government, and quasi-
governmental organization publications (U.S. EPA, 1997; U.S. EPA, 2003; NEJAC, 2004; U.S. 
EPA, 2007; deFur et al., 2007; Alexeeff et al., 2012; Huang & London, 2012; Sexton, 2012; 
Linder & Sexton, 2011; Barzyk et al., 2010; Su et al., 2012; Menzie et al., 2007). The National 
Research Council (NRC) of the United States National Academies wrote in its 2009 publication, 
Science & Decisions: Advancing Risk Assessment, “EPA should focus on development of 
guidelines and methods for simplified analytic tools that could allow screening-level cumulative 
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risk assessment and could provide tools for communities and other stakeholders to use in 
conducting assessments,” (pp. 10, 236).    
Published literature demonstrates a number of promising interventions to increase 
awareness of environmental hazards in disadvantaged communities to reduce exposure and 
enhance access to health resources (Krieger et al., 2002, Ali et al., 2008; Clark et al., 2009).  
Community-based participatory research (CBPR) is a collaborative approach, often between 
members of a community, academic researchers, and other stakeholders that engages the 
community as co-learners; thereby including community capacity-building strategies into the 
intervention design. The use of CBPR approaches links awareness gained through research and 
public health practice to improve community health and has the ability to create win-win 
partnerships between researchers and communities.  In recent years, CPBR and other 
community-driven approaches have increasingly been used as a tool for health promotion 
activities (Viswanathan et al., 2004; Minkler et al., 2006; Cook, 2008). In particular, these 
approaches have been used to address a wide range of environmental exposures and 
environmental justice challenges in community settings including air  pollution exposure 
(Gonzalez et al., 2011), the impact of the built environment on health (Downs et al., 2010), and 
the identification of industries that have violated emissions standards (LABB, 2011). 
Although U.S. EPA published its Framework for Cumulative Risk Assessment in 2003, 
the development of local and state-based guidelines and methodologies to assess cumulative 
risks and impacts has been limited. This dissertation study contributes to a growing body of 
methodological approaches to integrate multiple stressors, including non-chemical ones, into the 
risk assessment process. The placed-based study, described herein, includes three manuscripts 
that explore multiple environmental stressors and social factors in an environmentally degraded, 
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urban community, the Proctor Creek Watershed in Northwest Atlanta, Georgia using a mixed-
methods approach. The study includes: quantitative, geospatial data analysis as well as 
participatory methods: Photovoice; identification and prioritization of street-level, neighborhood 
environmental health indicators; and participatory mapping.  The three aforementioned 
manuscripts are contained in Chapters 2-4 of this document, however their purposes are also 
briefly described below: 
• The first manuscript explores applications of screening-level cumulative impacts analyses 
at a small-scale watershed level using publicly available data. Adapting a cumulative 
impacts methodology developed by Huang & London (2012) to an analysis of the Proctor 
Creek Watershed, the authors’ Cumulative Environmental Hazard Index was modified to 
address indicators of concern in Proctor Creek. Unique challenges to adapting such an 
approach at a small geographic scale are discussed.  This study helps to illuminate 
opportunities for evidence-based decision-making as government agencies and other 
stakeholders target investments to improve environmental, social, and health conditions 
in the watershed.   
• The second manuscript focuses on the use of a qualitative method, Photovoice to explore 
local community knowledge and community perceptions of environmental health risks, 
assets, and community strengths in the Proctor Creek Watershed.  Visual data was 
captured through photographs taken by 10 Proctor Creek Watershed residents (Proctor 
Creek Watershed Researchers). This visual data has been used to influence the 
development of policy recommendations and strategies to mitigate risks and build upon 
community assets as means to decrease potential vulnerabilities in the watershed.  
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• The third manuscript describes the co-development, by Proctor Creek Watershed 
residents and Georgia State University students, of the Proctor Creek Citizen Science 
App. This global positioning system (GPS) enabled digital data collection tool is used to 
spatially and visually document meaningful yet “hidden” street-level, environmental 
hazards in the Proctor Creek watershed. Through a participatory approach, joint 
community-university teams used the App to map important attributes of the built 
environment that often go unaddressed in communities, yet negatively influence 
environmental quality, health, and quality of life.  These hazards are not captured in 
publically available databases and therefore are typically not included in traditional risk 
assessment approaches despite their potential to fill data gaps for cumulative risk 
assessment approaches and methodologies.  Spatial narratives created with community-
generated data can expose “hidden hazards,” and advance environmental justice and 
policy change.  
Results from these three manuscripts will be useful to those working in the field 
of cumulative risk and impacts. The methods used in these studies have the potential to 
be applied to other community settings, and the results will inform future public health 
interventions, public health practice to advance environmental justice, and methodologies 
for future research to advance the study of cumulative risk assessment.  
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Exploring Applications of a Screening-level Cumulative Environmental 
Impact Analysis Model at a Small-Scale Watershed Level: Limitations, 
Lessons Learned, and Methodological Considerations 
 
Key words: cumulative risk assessment; cumulative impacts analysis; combined 
environmental vulnerability analysis; urban watershed 
 
 
ABSTRACT 
 
Using publicly available data for environmental hazards and social stressors, we conducted a 
cumulative environmental vulnerability analysis for the Proctor Creek Watershed, a degraded, urban 
stream in Northwest Atlanta, Georgia.  We generated scores for each census block group in the 
watershed for cumulative environmental hazards and social vulnerability and identified areas of 
highest cumulative impact.  These areas, referred to as combined environmental vulnerability 
action zones (CEVAZ) reveal block groups with the highest combined environmental stressors 
and fewest social, economic and political resources to prevent, mitigate, or adapt to these 
conditions. Our analyses showed that there was little spatial overlap of areas in the Proctor Creek 
Watershed with respect to the highest scores for both cumulative environmental hazards and 
social vulnerability. Social vulnerability was also found to be more prevalent in the watershed 
than the distribution of environmental hazards. Despite the lack of overall correlation between 
the environmental hazards and social vulnerability scores, areas where these factors do overlap 
can be targeted for investments in environmental monitoring, pollution prevention activities, 
community capacity-building to engage in citizen science research, adult education and 
workforce development. The use of screening-level cumulative risk assessment tools provide 
environmental justice communities with an evidence base by which they can prioritize activities 
and investigation to improve the environmental and population health. Use of such tools can be 
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enhanced and made more relevant to communities if they are engaged to help identify data on 
hazards that don’t exist in public databases, especially at small spatial scales.   
 
Introduction 
Understanding cumulative impacts from combined environmental and social stressors is 
important to environmental justice communities. Exposure to these combined stressors present 
combined risks, also known as cumulative risks, from aggregate exposures to multiple agents or 
stressors, including chemical, biological or physical agents as well as psychosocial stressors like 
race and ethnicity, income, educational attainment, measures of social capital, and access to 
healthcare. When combined, such factors have the potential to negatively affect population 
health and quality of life. Findings from cumulative risk assessments can improve risk 
management and decision-making (U.S. Environmental Protection Agency, 2003), to address 
health disparities likely resulting from the interaction of multiple stressors, particularly at the 
local level.  
A framework for cumulative risk assessment was recommended to the U.S. 
Environmental Protection Agency (U.S. EPA) in the National Environmental Justice Advisory 
Council’s 2004 report on cumulative risk assessment, (NEJAC, 2004). The National Research 
Council (NRC) of the United States National Academies wrote in its 2009 publication, Science 
& Decisions: Advancing Risk Assessment, “EPA should focus on development of guidelines and 
methods for simplified analytic tools that could allow screening-level cumulative risk assessment 
and could provide tools for communities and other stakeholders to use in conducting 
assessments,” (pp. 10, 236).  
Despite the need for developing standard approaches and tools for assessing cumulative 
risks, there is yet no single protocol.  The lack of consensus on approaches by which cumulative 
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risks can be characterized and quantified poses challenges, not only for the scientific community, 
but for also for communities impacted by exposure to multiple chemical, biological, physical, 
and psychosocial stressors. Environmental justice communities often want to understand their 
health risks and how to prevent them, but face many obstacles in accessing, integrating, and 
interpreting available data for risk ranking, prioritization, and decision-making (Zartarian et al., 
2011).  Furthermore, frameworks are needed to assist communities in prioritizing strategic action 
to reduce exposure to environmental hazards. 
The lack of a single protocol for examining cumulative impacts is not due to a lack of 
interest or application of the approach. Discourse with respect to cumulative risk assessment and 
helpful tools to facilitate its implementation have appeared in peer-reviewed scientific journals, 
government documents, and quasi-governmental publications (U.S. EPA, 1997; U.S. EPA, 2003; 
NEJAC, 20tion 04; U.S. EPA, 2007; deFur et al., 2007; Alexeeff et al., 2012; Huang & London, 
2012; Sexton, 2012; Linder & Sexton, 2011; Barzyk et al., 2010; Su et al., 2012; Menzie et al., 
2007). Furthermore, at least 23 states have either developed or adapted existing tools to analyze 
and evaluate cumulative risks and impacts (Gould & Cummings, 2013). Beyond state-level 
innovations, two online national environmental justice mapping and screening tools have 
recently been released by U.S. EPA, EJSCREEN and C-FERST.  Both of these tools draw from 
national, publicly available datasets and combine environmental and demographic indicators for 
specific geographic areas based on user-directed input. EJSCREEN was not designed as a risk 
assessment tool, but it is a tool that both displays and derives environmental justice indexes from 
the combination of the aforementioned environmental and demographic indicators (U.S. EPA, 
2015).  C-FERST also allows users to gather information about and view maps of a desired 
community’s environment; provides users with the ability to compare local, county, state, and 
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national estimates; explore potential solutions and community projects that reduce environmental 
exposures; and it contains guidance on ways that C-FERST can be used in conjunction with 
community assessment tools including U.S. EPA’s Community Action for a Renewed 
Environment (CARE) Roadmap and the National Association of City and County Health 
Officials (NACCHO) Protocol for Assessing Community Excellence in Environmental Health 
(PACE-EH) (U.S. EPA, 2015). 
As national-level tools, both EJSCREEN and C-FERST provide a foundation upon which 
to build other cumulative risk assessment tools, however, they are both limited in their abilities 
to offer the full-range of environmental and social stressors that might be relevant to a specific 
location, and the publically available data that these tools derive their findings from are likely to 
be somewhat dated. Significant uncertainty also exists with respect to relevant environmental 
and social stressors, especially when studying small geographic areas (U.S. EPA, 2015). 
The gap between what can be derived from national-level screening tools and what is 
locally relevant is even more evident in the state of Georgia where no local or state-level 
guidance for screening methodologies exist with respect to cumulative exposures or impacts. In 
the absence of such a guidance, however, a 2012 report published by GreenLaw, a non-profit 
environmental law firm, identifies environmental justice hotspots in Metro Atlanta using 
geographic information systems (GIS) analysis in a 14-county geographic area.   Although the 
authors did not use the terms cumulative risks or impacts in the report, they cited research on 
cumulative impacts from published case studies in other states and produced a ranking of areas 
within the designated 14-county Metropolitan Atlanta area. While data from this report was used 
to help advance the development and passage of an amendment to a county zoning resolution 
that established distance requirements between proposed adverse environmental uses and pre-
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existing pollution points in unincorporated areas (Fulton County Government, 2013; GreenLaw, 
2013), the study has not been translated into policy or action that directly affects communities 
located in the city of Atlanta or other incorporated areas of that county. 
Purpose of Study 
The purpose of this study was to identify the census block groups in Northwest Atlanta’s 
Proctor Creek Watershed with the highest scores for combined cumulative environmental hazards 
and social vulnerability.  Based on what is known about the pollution burden in the Proctor Creek 
Watershed and community characteristics, specifically sensitivity to socioeconomic factors, we 
hypothesized that the upper reaches of the Proctor Creek Watershed would exhibit greater clusters of 
census block groups with the combined highest concentration of cumulative environmental 
hazards and the fewest social resources to prevent, mitigate, or adapt to these conditions, than the 
lower reaches of the watershed. By conducting the study, we can help regulators and other 
government agencies, watershed residents, funders, non-profit and community-based 
organizations located in and working in the Proctor Creek Watershed to better focus efforts and 
resources on the areas within the watershed that are most highly impacted by environmental 
stressors but least able to confront and address these stressors because of high social 
vulnerability. This study serves to build on previously published work by Huang & London 
(2012) by adapting their cumulative environmental vulnerability assessment (CEVA) model to a 
watershed context for the first time. It also leverages the cumulative impact assessment work 
conducted in the Duwamish River Watershed (Gould & Cummings, 2013), a significantly larger 
watershed area (with cumulative impacts analyses performed at the zip code level), to employ 
similar cumulative risk analysis tools at a smaller spatial scale.  
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Methodology 
Study Area 
This study was conducted in the Proctor Creek Watershed located in Northwest Atlanta, 
(Fulton County) Georgia. Proctor Creek is a second order, urban tributary to the Chattahoochee 
River (DeVivo, 1995) and, comprises the only major watershed located wholly in the City of 
Atlanta (City of Atlanta, 2016). Proctor Creek originates in downtown Atlanta and travels for 
nine miles northwest to the Chattahoochee River (See Figure 1).  The Chattahoochee provides 
drinking water for approximately four million Georgia residents including 70% of the people in 
the Metropolitan Atlanta Region (in the approximate amount of 450 million gallons per day) 
(Chattahoochee Riverkeeper, 2015) and has been listed as a threatened or endangered river on 
American River’s Most Endangered List for seven times from 1991 to 2012 in part because of 
sewage pollution from the City of Atlanta, non-point source pollution, and urban development 
(American Rivers, 2015). 
  The 16 square-mile Proctor Creek Watershed is home to 38 neighborhoods, four 
historically black colleges and universities, an NFL football stadium, the historic homes of civil 
rights leaders such as Dr. Martin Luther King Jr., and more than 90,000 residents; the majority of 
whom are African American (United States Census Bureau, 2013; About Proctor Creek, 2015; 
Proctor Creek Stewardship Council, 2015; City of Atlanta, 2013).  It is also home to several 
brownfield sites, a closed landfill, and some of the city’s lowest income, highest crime, and most 
historically underserved neighborhoods (Zipatlas, 2016; City of Atlanta, 2015; U.S. EPA, 2015; 
U.S. EPA, 2014; Neighborhood Nexus, 2012; Jonsson, 2008; Williams, 2008). Because of aging 
infrastructure, illegal dumping, industrial activities, and the proliferation of non-point source 
pollution, Proctor Creek is highly impacted by environmental and other stressors and 
consequently does not meet its state designation as a fishable stream (GA Environmental 
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Protection Division, 2015; GA Environmental Protection Division, 2013; ARC, 2011).  The 
watershed is also home to the fourth in a top five list of Metropolitan Atlanta’s environmental 
justice hotspots---locations where race, poverty, and pollution were most strongly correlated 
(GreenLaw, 2012). 
 
 
Figure 1: Map of Proctor Creek Watershed (About Proctor Creek, 2015) 
 
Procedure 
Using ESRI ArcMAP, Version 10.1, and employing a cumulative environmental 
vulnerability assessment (CEVA) adapted from the work of Huang and London (2012), 
environmental and social vulnerability stressors impacting the watershed were analyzed. Data 
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from publicly available sources were examined at the census block group level and at the census 
tract level when block group data was unavailable. The watershed consists of 34 census tracts 
and 64 census block groups, with an average of 1.88 block groups per census tract (United States 
Census, 2014).  A Cumulative Environmental Hazards Index (CEHI) similar to one previously 
published by Huang and London (2012) was constructed using datasets of interest to Proctor 
Creek Watershed residents (within the constraints of publicly available data).  A Social 
Vulnerability Index (SVI) also based on the work of Huang and London was constructed 
utilizing data from the U.S. Census Bureau’s American Community Survey (ACS) and point 
locations of healthcare facilities in the watershed.  Descriptions of each index can be found 
below along with details on the data sets that comprise each of the indices in Tables 1 and 2 
respectively. A map displaying the point-location data used in this study was shared with a group 
of Proctor Creek Watershed researchers (Jelks et al., 2016) to validate our approach in the 
context of community knowledge of environmental hazards in the watershed. 
   
Cumulative Environmental Hazards 
The CEHI is a relative measure of environmental hazards calculated at the census block 
group level with possible scores between 0 and 1. The CEHI scores were primarily derived from 
the percentage of each census block group that overlaps with a one-half mile buffer around point 
source pollution sites as indicated in Table 1, and data from the National Air Toxics Assessment 
(NATA) was also used to estimate the risk of different types of cancer that result from inhaling 
toxics in the air. All data were normalized as the percent area of each block group within the 
half-mile buffer of the aforementioned point source pollution sites by dividing each value by the 
maximum value of the dataset. This normalization was followed by calculating the mean value 
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of the normalized datasets (point sources and total cancer risk) to obtain the cumulative score for 
the cumulative environmental hazard index. 
Data Type  Data Source Timeframe Description 
Toxic Release 
Inventory (TRI) Sites 
U.S. Environmental 
Protection Agency 
2013 Toxic Release 
Inventory Sites 
Hazardous Waste 
Treatment, Storage, 
and Disposal Facilities 
U.S. Environmental 
Protection Agency 
2013 Hazardous Waste 
Treatment, Storage, 
and Disposal Facilities 
(RCRA Large and 
Small Quantity 
Generators) 
National Pollution 
Discharge Elimination 
System (NPDES) 
permitted facilities 
 
U.S. Environmental 
Protection Agency 
2013 Sites that operate with 
NPDES permits 
Comprehensive 
Environmental 
Response 
Compensation and 
Liability Act sites 
(CERCLIS)  
U.S. Environmental 
Protection Agency 
2013 CERCLIS (Superfund) 
site locations 
Risk Management Plan 
Facility (RMPF) sites  
U.S. Environmental 
Protection Agency 
2013 Sites regulated under 
the Risk Management 
Plan Rule,  (Section 
112(r)) of the 1990 
Clean Air Act 
Georgia Hazardous 
waste inventory (HSI) 
sites 
 
Georgia Department of 
Natural Resources, 
Environmental 
Protection Division 
2013 Sites on the Georgia 
hazardous sites 
inventory list. 
NATA U.S. Environmental 
Protection Agency 
2005 National-Scale Air 
Toxics Assessment 
(Total Cancer Risk) 
 
Table 1: Data used to develop the Cumulative Environmental Hazards Index (CEHI) for the Proctor  
   Creek Watershed  
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Social Vulnerability Index 
The data and data sources used to calculate the SVI are described in Table 2. Address 
geocoding in Google Earth followed by conversion to a shapefile in ESRI ArcMap 10.1 was used 
to create a point-location data for a spatial layer of health care facilities in the watershed. A one-
half mile buffer zone was drawn around each of these facilities, and the percentage of each 
census block group that overlaps with the one-half mile buffer was calculated and assigned to the 
corresponding census block group to calculate the SVI. In our index, the presence of said 
facilities were considered an indicator of need. Along with the percent of each area within the 
one-half mile buffer around the health care facilities, percent vulnerable populations due to age 
(such as those under the age of five or age 60 and above), percent of families living below the 
federal poverty level, and percent of the population over age of 25 who have not earned a high 
school diploma were also used to develop the SVI. The mean value of these social stressors were 
calculated and then normalized to obtain the cumulative score for the social vulnerability index 
for each block group.  
 
Data Type Data Source Timeframe Description 
Age American 
Community Survey 
2009-2013 Percent of people 
younger than five (5) 
or age 60 or older 
Location of health 
care facilities 
Fulton County 
Department of 
Health  
2013 Location of health 
care facilities 
Percent of families 
living below poverty 
level 
American 
Community Survey 
2009-2013  
 
Estimates - based on 
a sample survey - of 
families who fall 
below the federal 
poverty line 
Educational 
Attainment 
American 
Community Survey 
2009-2013 Percent of people 
over age 25 without 
a high school 
diploma  
 
  Table 2:  Data used to develop the Social Vulnerability Index (SVI) for the Proctor Creek Watershed  
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In both indices, the data were oriented in the same direction with higher values for the 
CEHI corresponding to higher concentrations of cumulative environmental hazards, and higher 
values for the SVI corresponding to higher social vulnerability in the census block groups. 
The combined CEHI and SVI scores for each block group were then ranked from largest 
to smallest and initially divided into thirds to yield three different categories (low, medium, and 
high) for both the cumulative environmental hazards and social vulnerability respectively.  Due 
to the small scale of the study area, medium and high values were combined together into a new 
classification: high, and low values were retained in their initial classification. 
A series of bivariate correlation analyses using IBM SPSS Statistics, Version 22 were 
performed to explore associations between the CEHI and SVI as well as between the individual 
variables that comprise each index and associations between individual components of the CEHI 
with components of the SVI. 
  
 
Results 
Identification of Cumulative Environmental Vulnerability Action Zones 
Bivariate analysis revealed that the overall CEHI and SVI were weakly negatively 
correlated, although the relationship was not statistically significant (See Table 3).  
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 Individual components of the CEHI and SVI were positively correlated with each other, 
however. Bivariate analyses shows  statistically significant positive correlations between the 
presence of Resource Conservation Recovery Act (RCRA) regulated large quantity generators 
(RLQG) and risk management plan facilities (RMPF), RCRA small quantity generators (RSQG) 
and Georgia Hazardous Site Inventory (HSI) facilities, RCRA small quantity generators (RSQG) 
and toxic release inventory (TRI) sites, Georgia HSI facilities and Comprehensive 
Environmental Response Compensation and Liability Act Sites (CERCLIS), and Georgia HSI 
and TRI facilities. Furthermore, statistically significant associations were also identified between 
CERCLIS and TRI sites and TRI and national pollutant discharge elimination system (NPDES)-
permitted sites (See Table 4).  
Table 3  
Correlation Matrix for CEHI and SVI 
Variable 1 2       
1.  CEHI - -.22       
2.  SVI  
 
 -       
         
Note: *p<.05, **p<.01 
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   Within the SVI, bivariate analyses shows positive statistically significant associations 
between  percent of population living below the poverty level (Poverty) and percent vulnerable 
populations as well as Poverty and percent of population over the age of 25 without a high 
school diploma (Education). Location of health care facilities (HCF) and Education were 
positively correlated as were percent of vulnerable populations (VUL_POP) and Education (See 
Table 5).  
 
 
 
 
 
Table 4  
Correlation Matrix for Cumulative Environmental Hazards Index 
Variable 1 2 3 4 5 6 7 8 
1.  RSQG - .22 .29 .72** .41** .24 .15 -.13 
2.  RLQG  
 
 - .33** .10 -.04 -.12 -.08 .12 
3.  RMPF    - .08 -.16 -.13 -.04 .17 
4.  HIS    - .36** .54** .10 -.19 
.  5.  TRI     - .26* .27* -.18 
.  6.  CERCLIS      - -.17 -.5** 
7.  NPDES       - .03 
8.  NATA        - 
Note: *p<.05, **p<.01 
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 Statistically significant negative correlations exist between location of RCRA large 
quantity generators and Poverty and percent vulnerable populations respectively; RCRA small 
quantity generators and percent vulnerable populations; Georgia HSI facilities and percent 
vulnerable populations; and NATA total cancer risk and Poverty and RCRA large quantity 
generators and Education and RMPF and Education.  
Spatially, cumulative environmental hazards were concentrated near the north, northwest, 
and northeast borders of the Proctor Creek Watershed and, to a lesser extent, near the eastern and 
southeastern boundaries. The majority of the watershed is characterized by social vulnerability. 
Priority areas where the two indices overlap were identified in the following locations: upstream 
and downstream near the northern, northwest, and northeastern boundaries of the watershed and 
near the southeast border (See Figure 4).   Furthermore, social vulnerabilities are more 
widespread across the watershed than environmental vulnerabilities; perhaps requiring additional 
investments in the watershed to address social disparities.  
Table 5  
Correlation Matrix for Social Vulnerability Index 
Variable 1 2 3 4     
1.  HCF - .03 .32* .04     
2.  VUL_POP  
 
 - .25* .32**     
3.  EDUCATION    - .37**     
4.  POVERTY    -     
         
Note: *p<.05, **p<.01 
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For more meaningful analysis and comparison to the work by Huang and London, 
CEVAZ were identified where CEHI and SVI were either medium or high as shown in Figures 
2a and 2b.  Based on this categorization, more than 67% of the census block groups were 
classified as having high social vulnerability while 45% of the blocks groups are characterized 
by high cumulative environmental hazards. When examining where these two factors overlap, 
only 17.4% of the population in the Proctor Creek Watershed was identified as living in census 
block groups with both high CEHI and SVI scores. This finding did not align with community 
perceptions of widespread environmental pollution and degradation in the watershed. 
Furthermore, 38.2 % of the population lives in block groups with high CEHI and low SVI scores, 
35.3% with high SVI and low CEHI scores, and 9% with both low SVI and CEHI scores. In 
census block groups with high social vulnerability, percent population in poverty was the factor 
that contributed most to the high social vulnerability scores.  
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 Figure 2a and b: Cumulative Environmental Hazards (2a) and Social Vulnerability Indices for the Proctor  
                Creek Watershed (2b)  
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 Figure 3: Cumulative environmental action zones (CEVAZ) for the Proctor Creek Watershed (census  
block groups with combined high cumulative environmental hazards and social vulnerability) 
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      Table 6: Proctor Creek Watershed Cumulative Environmental Vulnerability Action Zones  
Category Population 
size (% of 
total 
population) 
# of census 
block 
groups 
impacted 
% below 
poverty 
% young 
or elderly 
% over 25 
without 
high school 
diploma 
High 
SVI/High 
CEHI 
 
15,677 
(17.4%) 
15 33.8% 22.2% 24.6% 
Low 
SVI/High 
CEHI 
 
34,436 
(38.2%) 
14 11.7% 7.0% 11% 
High 
SVI/Low 
CEHI 
 
31,810 
(35.3%) 
28 38.3% 24.8% 23.2% 
Low 
SVI/Low 
CEHI 
 
8,127 (9.0%) 7 18.1% 24.5% 14.4% 
 
Discussion 
Although the hypothesis that census block groups in the upper reaches of the watershed 
would have the largest clusters of high CEHI and SVI scores was proven, these block groups 
exist somewhat independently of each other, and the extent of spatial overlap of the indices is 
minimal. There was a weak negative correlation between the CEHI and SVI for the Proctor 
Creek Watershed although it was not statistically significant. Pollution generating facilities were 
primarily concentrated in census block groups along the northern borders of the watershed, and 
social vulnerability was fairly widespread with only a small portion of the watershed 
characterized as having low social vulnerability. These areas of low social vulnerability overlap, 
in part, with the portion of the watershed that is in central Atlanta business district where income 
levels tend to be higher as well as near the confluence of the Chattahoochee River where poverty 
is also not as severe as communities in the headwaters of the watershed. The difference in social 
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vulnerability near the confluence is likely influenced by the dismantling of public housing in 
these areas (Brown, 2009).    
Although there was little direct, overall overlap of areas with the highest scores for the 
CEHI and SVI, the CEVAZ identified in this analysis will be used to help inform environmental 
justice policy recommendations as well as recommendations related to investments in 
community capacity-building, environmental monitoring, and corrective action to address 
environmental stressors in the Proctor Creek Watershed. Neighborhood Planning units, 
community-based organizations, and non-profit organizations that are active in these geographic 
areas can prioritize and target their advocacy and outreach efforts to encourage future studies, 
ongoing environmental monitoring, pollution prevention activities, and greater transparency with 
respect to actions taken by neighboring industrial facilities in the context of right-to-know and 
emergency planning laws (Fischer, 2005). The prevalence of social vulnerability in the 
watershed suggests opportunities for investment in adult education, workforce development 
initiatives, and other efforts that lead to greater levels of employment; thereby reducing income 
gaps and the influence of social stressors on risk vulnerabilities (CDC, 2011).  
There are several limitations to this analysis that should be noted including limitations of 
the publicly available data used in the approach, inadequate capture of land-use activity, the gap 
between existence of a hazard and exposure, and equal weighting of hazards.  The lack of 
availability of publicly accessible, local data especially with respect to the location of and 
occurrence of non-chemical, environmental hazards in the watershed can greatly impact the 
results of cumulative risk analyses. As noted about other screening tools, land-use activity cannot 
be captured in the analysis (Sadd et al, 2011). To that end, only chemical hazards are included in 
the model, however some physical and biological hazards are also of concern to community 
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residents. When data from this analysis was shared with residents of the Proctor Creek 
Watershed, concern was expressed about the lack of inclusion of important stressors that have 
potential to impact health and quality of life (Jelks, 2016). Data about other environmentally 
adverse uses, especially at the street or neighborhood level, are not as readily available as the 
data sources used in the index. They are therefore not captured in the model and might result in 
the exclusion of potentially important sources of risk.  
Also, the presence of hazard sites is not equivalent to potential for or actual human 
exposure to the sites.  For example, the presence of sites such as combined sewer overflow 
facilities are included in the model, however the total number of combined sewer and or sanitary 
sewer overflows impacting Proctor Creek and the neighborhoods through which it flows is not. 
Depending on the dataset, presence of a site also does not necessarily signify whether the site is 
active or closed. Because the model does not address the type of waste generated, processed, or 
stored in the facilities, there is no determination of whether the activities at the facility will lead 
to broader exposure. The CEVA model represents a measure of vulnerability and risk. Because 
risk is a prospective measure, we don’t know the true impact until an exposure happens and is 
identified. Conducting a cumulative environmental vulnerability analysis is helpful in supporting 
risk management decisions, however it does not reveal current sources or extent of exposure 
(Lentz et al., 2015; Sexton & Linder, 2010; Corburn, 2002).   
In our approach environmental hazards are added together and averaged to help calculate 
CEHI scores for each census block group; therefore no weighting of the significance or severity 
of the hazards are considered. To avoid making value judgements on what the affected 
community considers important, all hazards were weighted equally. The actual greatest sources 
of risk might not correspond to greatest perceived sources of risk as identified by residents and 
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other watershed stakeholders. Because this model represents a screening-level methodology and 
not risk assessment in a regulatory context, it was deemed inappropriate to establish thresholds 
based on value judgements.  
 
Lessons Learned and Methodological Considerations 
Because environmental justice communities are generally concerned about cumulative 
impacts in relatively small geographic scales (i.e. neighborhood level, watershed scale, etc.), the 
resultant information from analyses performed at larger scales (i.e., the census tract, zip code, or 
county levels) can only provide generalized knowledge and therefore might not adequately meet 
the needs and interests of impacted communities.  This limitation can greatly impact the ability 
of a community to carry out risk ranking activities. Furthermore, exploring spatial and statistical 
associations between variables at larger units of analysis might disguise relationships within and 
between those units that might not exist or may be represented differently when conducting 
analysis at smaller units (i.e., census block groups).   
In conducting spatial analyses, buffers drawn around the point locations of environmental 
stressors and pollution generating facilities should be considered at spatial scales that are 
representative of the area being studied, and choosing varying distances should be explored to 
determine the optimal distance that will prevent masking of variations in the data. In this study, 
buffers were chosen at a distance of 0.5 miles around the aforementioned hazard sites and 
healthcare facility point locations although previously published studies used larger values 
(Huang & London, 2012).  Because of the relatively small scale of the watershed, drawing 
buffers at larger areas might have artificially inflated the census block groups potentially 
impacted by environmental hazards. 
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At small spatial scales, data gaps can be enhanced through the of use fine-grained, locally 
collected data, including data collected by trained citizen science researchers.  While data at 
smaller spatial scales is more desirable and might enhance relevance of cumulative impact 
analyses for a specific local area, it may be less reliable in its statistical significance or stability 
as cumulative risk indicators (Gould & Cummings, 2013). The cumulative risk assessment 
process can then be refined through employing an iterative process and should be coupled with 
tools such as the 8-Step CARE Roadmap, PACE-EH, or where appropriate, the steps for 
conducting health impact assessments (HIAs). These processes integrate community in 
meaningful dialogue and sharing of local knowledge that can illuminate the presence of 
environmental hazards that would otherwise be missed and not included in cumulative risk 
analyses.  
 
Recommendations and Directions for Future Research 
Recommendations from this study include the need for investment in further research and 
locally-driven data collection efforts, including citizen science initiatives, to ensure that 
otherwise hidden hazards are integrated into cumulative risk analyses (CRA); thereby increasing 
accuracy and robustness of CRA models. Integrating publicly available data with locally-
collected data that present a more fine-grained picture of potential risk at the neighborhood or 
street levels, would greatly improve this analysis. When conducting cumulative risk analyses, it 
is also important to engage community residents--- those with historical knowledge, lived 
experience, daily interactions within, and a vested interest in the future of a particular place. In 
examining community concerns about environmental issues and health hazards, those impacted 
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by such issues and hazards can help inform risk management decisions, interventions, and 
further research (Corburn, 2002). 
At a watershed scale, in particular, other factors for analyses can also improve predictions 
from the model. If integrated into the model in a meaningful way, data such as percent of 
impervious surfaces as well as percent vegetative cover, existence of and acreage of parks and 
greenspace as well as green infrastructure can help identify additional hazard risk and potential 
factors to mitigate said risks. Other meaningful factors for analyses include built environment 
stressors such as age and condition of occupied housing stock, risk of West Nile Virus, and water 
quality data. Tracking these indicators as they change over time might be useful in helping local 
communities understand the implications of policy and practice recommendations that are 
implemented as a result of cumulative risk analyses.   
 
 Conclusion 
This study applied a cumulative impacts screening method to a small-scale watershed 
area in Atlanta, Georgia. We demonstrated that screening-level cumulative risk assessment tools 
are useful in helping environmental justice communities to identify priority areas to target for a 
wide range of activities to improve environmental quality and reduce social disparities that 
impact health. Only publically available data was used in the study, however the use of 
cumulative risk analysis tools can be enhanced by the inclusion of local data at small spatial 
scales, particularly the neighborhood and street levels. Often having localized data can present 
opportunities for the finer-grained analysis needed to influence relevant decision-making and 
strategic action (London et al, 2011) in the most vulnerable communities. Citizen science 
initiatives can play a key role in advancing the collection of such data and engaging communities 
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in meaningful ways in the process of cumulative risk assessment. The results of exploring 
cumulative risks and impacts in a community also amplifies the need for public policies and risk 
management activities to address environmental and social hazards through coordinated, 
comprehensive approaches instead of the segmented, approaches that characterize current 
regulatory and risk management paradigms.   
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Participatory Research in Northwest Atlanta’s Proctor Creek Watershed: 
Using Photovoice to Explore Environmental Health Risks at the Water’s Edge 
 
Key words: community-based participatory research; environmental health; photovoice; 
community engagement; local community knowledge; urban watersheds  
 
ABSTRACT 
 
In this study we used a participatory research method, photovoice, to better understand 
community perceptions about environmental health risks and community assets and strengths in 
and around an urban, degraded watershed in Northwest Atlanta, Georgia.  This watershed, 
formed by Proctor Creek, will be a focal point for redevelopment and infrastructure investments 
over the next 25 years. Participants engaged in data collection, participatory data analysis, 
internal discussions of findings, development of policy and remedial action recommendations, 
and presentations to watershed residents and decision makers. Data analysis involved identifying 
key themes from photos, participants’ written commentary about their photos, and transcriptions 
of photo discussions. We present a conceptual model informed by participants’ understanding of  
the urban policies and practices that influence health and impact quality of life in their 
watershed. Participants identified the following primary themes: 1) threats to the natural 
environment, 2) built environment stressors that influence health, 3) blight and divestment of 
public resources, and 4) hope for the future. Residents’ vision for the future of the watershed --- 
a restored creek, revitalized neighborhoods, and restored people is fueled by a strong connection 
to history, memory, and sense of place. A CBPR approach was used to disseminate results to 
watershed residents and stakeholders and to translate research findings into watershed 
restoration, community revitalization, and policy solutions. By engaging community members in 
defining their own concerns about community challenges, the value of local knowledge was 
realized in identifying environmental health challenges as well as their potential solutions. 
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Introduction  
Proctor Creek used to be a source of pride for Northwest Atlanta communities---a place 
where children played, where people fished, and were baptized. Today, however, the creek is 
highly impacted by pollution and other stressors and does not meet its state-established 
designated use for fishing (Atlanta Regional Commission, 2011; Georgia Environmental 
Protection Division, 2013).  In 2013, the United States Environmental Protection Agency ( U.S. 
EPA) designated Proctor Creek as a partnership site for the Urban Waters Federal Partnership, a 
program that brings together federal government agencies to stimulate regional and local 
economies, create local jobs, improve quality of life, and protect health by revitalizing urban 
waterways in underserved communities (U.S. EPA, 2012; 2013; 2015).What was once a 
seemingly forgotten area of the City of Atlanta is now the subject of intense focus from multiple 
stakeholders including government agencies, academic institutions, local and national non-
profits, and private developers in addition to residents and community organizations that have 
invested decades of sweat equity and activism to revitalize the watershed (About Proctor Creek, 
2015).   
As a result of this renewed interest, residents of the watershed want to ensure that 
solutions sought by government and private organizations are driven by community needs and 
include authentic engagement and principles of collaborative problem-solving (West Atlanta 
Watershed Alliance, 2013). Instead of waiting on such entities to design and implement inclusive 
community engagement processes, residents are collaborating with community-based 
organizations, academic institutions, and  technical assistance providers to structure alternative 
methods to document and elevate  resident input, local knowledge,  and community-identified 
needs in parallel planning and development schemes.    
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Environmental Justice and participatory research approaches  
 
The 17 Principles of Environmental Justice affirm the rights of communities to,           
“… participate as equal partners at every level of decision-making, including needs assessment, 
planning, implementation, enforcement and evaluation,” (First National People of Color 
Environmental Leadership Summit, 1991).  Meaningful community involvement is important not 
only for planning and public health practice, but also for research.  Community-based 
participatory research (CBPR) is a collaborative approach, often between members of a 
community, academic researchers, and other stakeholders that engages the community as co-
learners, designers, and implementers of the research (Viswanathan et al., 2004; W.K. Kellogg 
Foundation, 2001; Israel et al, 1998).  Although participatory approaches such as CBPR have 
been effective in addressing a number of environmental health hazards (Gonzalez et al., 2011; 
Israel et al, 2010; Ali et al., 2008; Cook, 2008; Minkler et al., 2006; O’Fallon & Dearry, 2002;  
Shephard et al., 2002), the literature with respect to their use with watershed-based challenges is 
limited.  Work by Wilson, Heaney, and colleagues (Wilson et al., 2007; Heaney et al., 2007) has 
focused on the use of a similar approach to CBPR, Community Owned and Managed Research 
(COMR), in rural watershed settings. The literature, however, is relatively silent with respect to 
the application of such approaches in urban watershed contexts.  
In this study, we used a CBPR approach paired with photovoice to explore community 
perceptions of environmental health, assets, and strengths in the Proctor Creek Watershed.  
Photovoice, a specific, participatory, research methodology,  has three distinct goals: 1) to help 
people to document both strengths and concerns about their communities through photos; 2) to 
raise awareness and encourage critical dialogue about both personal and communities’ 
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challenges through discussing said photos in small and large group settings; and 3) to influence 
decision makers (Wang & Burris, 1997). This methodology has been used to explore 
environmental health issues such as food insecurity (Hieldelberger & Smith, 2015), agricultural 
issues (Postma et al, 2014), built environment stressors (Kreuter et al., 2012; Redwood et al., 
2010), and to a lesser extent, environmental health disparities (Kovaic et al., 2014). Few, if any 
publications document the use of photovoice to explore environmental health in the context of 
urban watersheds.   
The research described herein evolved from a series of 15 watershed-focused community 
meetings and listening sessions conducted from February 2012 to August 2013 and engaging a 
total of 177 Proctor Creek Watershed residents.  These community meetings and listening 
sessions were convened by three organizations with a history of collaboration to improve health 
and environmental conditions in the Proctor Creek Watershed: the West Atlanta Watershed 
Alliance (WAWA), the Community Improvement Association, and Environmental Community 
Action (ECO-Action). They worked in partnership with members of the newly established 
Proctor Creek Stewardship Council (PCSC) and with support from faculty and student 
researchers at Georgia State University in Atlanta, Georgia. 
 
Purpose of the study 
 
The purpose of this study was to assist in hearing, understanding, valuing, and elevating 
local, community knowledge and perceptions about environmental health risks and assets and 
strengths that might be useful in mitigating risks in the Proctor Creek Watershed. Furthermore 
the study was designed to help watershed residents advocate for environmental justice by 
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increasing support for community-driven redevelopment, clean-up, and restoration of the 
watershed. 
 
Methods 
Study area and participant recruitment  
Proctor Creek is an urban tributary to the Chattahoochee River and the only major 
watershed located wholly in the City of Atlanta (City of Atlanta, 2013). The nine (9) mile-long 
watershed covers a 16 square mile area, has a population greater than 90,000 people in more than 
38 neighborhoods, and primarily traverses six City of Atlanta neighborhood planning units 
(NPUs)1 (About Proctor Creek, 2015; United States Census Bureau; 2014).  Many watershed 
residents, who are primarily African American, experience social and economic disparities (City 
of Atlanta, 2013).  
 Study participants were identified, from September to October 2014, through recruitment 
flyers posted in community parks, recreation centers, and health clinics as well as through face-
to-face contact at community association and Neighborhood Planning Unit (NPU)1 meetings and 
communities of faith within the Proctor Creek Watershed. Additionally, early recruits were 
engaged to help identify other participants through snowball sampling to meet the desired sample 
size and to ensure representation from the majority of the six primary NPUs that comprise the 
watershed.  Participants were required to be at least 18 years of age and reside in the Proctor 
1 In Atlanta, the city is divided into 25 Neighborhood Planning Units or NPUs.  Each NPU has a 
citizen advisory council responsible for making recommendations to the Mayor and City Council 
on matters of zoning, land use, and a range of other social and economic determinants that 
influence health and quality of life.  
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Creek Watershed. Minors and those who do not live in the study area were excluded. 
Demographic information was collected from the participants at the start of the project.  
 
Ethical Considerations and Training 
The community partners helped develop and approve the participant recruitment strategy 
and all research protocols. Human subjects’ research approval was granted by the Georgia State 
University Institutional Review Board (Study # H14531).  Each participant was consented to 
participate in the study by the student investigator after the benefits, risks, and their rights as 
research participants were explained.   
 Prior to data collection, each participant was provided with an overview of research 
ethics and training in photovoice ethics (Wang & Redwood-Jones, 2001), basic techniques of 
documentary photography, and use of their specific camera equipment (if using a loaned 
camera). They were required to participate in role plays in which they practiced conducting the 
informed consent process for potential photo subjects and were given physical copies of a 
training reference document that outlined the procedure. Safety protocols and possible risks of 
participating in the project, such as loss of property and physical harm, were also addressed 
(Wang, 2003). 
Participants selected the photographs that they desired to include in the research 
dissemination efforts and granted written consent for their public use and display.  All of the 
participants chose to disclose their identities, by name, in association with their photographs and 
the narratives that accompany them.  
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Procedures 
We implemented photovoice from October 2014 to January 2015 in 11 sessions. Each 
session, lasted three hours, included lunch, and took place at one of two central sites: a 
community center located in a public school and the community room of a local health clinic.  
Researchers who owned their own digital cameras or camera phones used them, and those who 
did not have access to a suitable camera were loaned a digital camera by the university partner. 
Watershed researchers were compensated at a rate of $20/hour for each session and received a 
maximum of $660.00 for their participation and contribution to the research. 
 
Data collection  
The participants took photographs that reflect their experiences living in the Proctor 
Creek Watershed.  Participants were instructed to take photographs, in between sessions, of 
things that represented environmental health concerns and challenges (things to be improved) 
and assets and strengths (things to be celebrated and built upon) in the watershed. The 
researchers also produced data through writing photograph captions and descriptions and telling 
stories about their images. Large group discussions were video recorded and transcribed 
verbatim. 
 
Data analysis and interpretation 
Following each session, the student investigator input transcripts into MaxQDA, Version 
11 (Verbi Software GmbH, Berlin, Germany), a qualitative and mixed methods data analysis 
software; used memos to develop initial concepts and broad themes; and conducted line-by-line 
coding as recommended in the grounded theory approach to assist in the conceptualization of 
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initial themes about the research.  Themes and codes were not determined a priori. As code 
saturation was reached, focused coding was applied to draw upon on the most significant and or 
frequently repeated codes (Charmaz, 2006); requiring the investigator to make determinations 
about the appropriate, initial codes to be used to develop comprehensive categories to describe 
the data. In tandem with this process, memos were also developed to summarize key linkages 
and possible connections between ideas and codes emerging from the data. The constant 
comparative method (Glaser & Strauss, 1967) was also used to compare codes for similarities 
and differences and to facilitate development of broad themes and categories followed by sub-
themes and categories.  
At the beginning of each session, the student investigator presented verbal summaries of 
the previous session, queried researchers about their perspectives on the key themes that emerged 
from those sessions, and presented initial codes for assessment of alignment with participant-
identified themes and validation by the watershed researchers.  
Participatory data analysis of photographs and narratives written by participants was 
conducted using a three-stage process: 1) selection, 2) contextualization, and 3) codification 
(Wang & Burris, 1997).  Watershed researchers selected 20 photographs that they felt most 
accurately reflected the community's concerns and assets, told stories about them in small and 
large group discussions; and identified themes that emerged from both individual and collective  
data. Researchers categorized these themes as either 1) watershed challenges and concerns or 2) 
watershed assets and strengths.  Next, each researcher narrowed his or her 20 photos to a group 
of 10 for more detailed analysis and public dissemination.  
Each researcher’s top 10 photographs were printed, individually analyzed, and discussed 
in small group sessions. A worksheet with semi-structured, open-ended, questions using a 
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modified version of the SHOWeD framework (Wang, 1999) was used to guide the analysis of 
each photo.  Through use of this modified SHOWeD questioning technique, watershed 
researchers were challenged to think critically about what their photographs depict, the root 
causes of the problems the photographs represent, and potential solutions to address the 
challenges represented in the photographs. The researchers developed written responses for each 
question on the SHOWeD worksheet and used these as the basis for discussions about their 
photos. The watershed researchers jointly identified and wrote themes to describe the issues that 
emerged from the photos and from discussions about the photographs (Wang & Burris, 1997). 
Participants wrote captions and brief narratives for each photo that helped to illuminate their 
perspectives.  Researchers categorized their themes in the aforementioned two broad categories. 
Participants’ narratives and written responses to the SHOWeD questions were typed by the 
investigator, entered into MaxQDA 11, and coded based on previously agreed upon codes. 
Themes and sub-themes were identified. At the final session, specific themes were finalized from 
the previously identified categories and prioritized by the research participants for dissemination.   
 
 
Results 
Study Participants 
Ten Proctor Creek Watershed residents ranging from age 29 to age 65 were recruited to 
participate in the study as watershed researchers. Each participant was retained throughout the 
six months of the study. Eighty percent of the watershed researchers were African American, and 
70% were female. The researchers lived in seven of the 38 neighborhoods and represented five 
of the six NPUs in the watershed.  Collectively, the researchers brought a total of 325 years of 
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lived experiences in the watershed to the study; with individual participants ranging from eight 
(8) to 66 years of residency. They had varying previous interaction with Proctor Creek and 
different levels of prior experience using cameras, however none of them were familiar with 
photovoice.   
Strengths and assets identified by the researchers included the creek itself, the rich 
historical and cultural legacy associated with Northwest Atlanta communities through which the 
creek flows, and the association of Proctor Creek communities with the Civil Rights Movement 
through leaders like the Rev. Dr. Martin Luther King, Jr. and Mrs. Coretta Scott King who lived 
in the watershed. Engaged community members and community activism to improve health and 
quality of life in the watershed, in various forms, also resounded as strengths for the watershed.  
The Proctor Creek Watershed researchers took variable numbers of photographs (ranging 
from 89 to 483 per researcher).  With more than 1,500 photos taken and 11 group sessions held,  
our analysis revealed four (4)  general themes that posit Proctor Creek as both a polluted eyesore, 
nuisance, and toxic liability for those who live in the watershed and as a community asset and 
natural resource to be valued, protected, and restored. These themes are: 1) threats to the natural 
environment (water and land), 2) built environment stressors that influence health, 3) neglect and 
divestment of public resources; and 4) hope for the future. The first three themes are linked 
conceptually as shown in Figure 1 and describe the ways that the watershed researchers believe 
urban policies and practice negatively impact health and quality of life in the watershed. To 
describe these and the fourth theme, a positive vision for the future, we share the words and 
photographs of the watershed researchers to provide context and illuminate meaning. 
 
 
56 
 
  
 
Threats to the Natural Environment 
 
There was a strong connection to sense of place (Woods, 2009) and value placed on 
Proctor Creek. Many discussions about the visual data collected as a part of this research were 
steeped in remembrance of when this now degraded, urban stream was a community asset---
clean, vibrant, and full of life--- not a liability. Proctor Creek is seen as a place of both former 
and current beauty as well as resilience despite the numerous challenges facing it.  A hope and 
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vision for the future was articulated by the researchers that includes a playable, fishable, 
swimmable Proctor Creek, and restored people and community from a holistic perspective 
(health, economics, and quality of life). 
Because of the proximate location of the creek and its tributaries to homes and other 
areas of community access, the aesthetics of the creek, pollution, and water quality in the creek 
emerged as sub-themes and primary concerns of watershed researchers. These concerns included 
sewage pollution from aging infrastructure; chemicals; and illegal dumping of tires, construction 
debris, and trash. Researchers photographed what they called, “toxic film” floating atop the 
waters of Proctor Creek and discussed seeing dead fish, turtles with fungi on their backs, and 
“murky waters” that they considered both threats to resident quality of life as well as to wildlife 
and their habitats. Concerns about water quality and pollution were evident in many photo 
descriptions and commentary shared by watershed researchers such as the following: 
 
“…contamination and bacteria [are] sitting on top of our creek water…,” and “The rainbow 
colors of an oil slick may be pretty, but this water quality degradation is nothing to celebrate. 
Oil contamination comes from illegal dumping, junkyards, and street runoff.” 
 
Sewage contamination was cited as a primary contributor to poor water quality in Proctor Creek 
as described by one researcher who wrote: “[Our community] is being made the toilet of 
Atlanta…” 
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Another researcher took the following photograph and wrote the commentary below it:  
 
 
Figure 2. WARNING!!!: “I saw this sign, read this, and could not believe that Proctor Creek 
was so unsafe...[The sign] tells a new story about Proctor Creek. Not the story that the elders tell 
about playing and swimming in the creek... not the story about Proctor Creek being the habitat 
for all kinds of animals and children learning about nature just from observing their 
environment. People were actually baptized in Proctor Creek! It’s hard to believe these stories 
when we see the warning signs.”  
 
Illegal dumping was identified as a threat to the health and aesthetics of Proctor Creek as 
well as to residents and the land around the creek. Watershed researchers suggested that two 
levels of illegal dumping impact the watershed: 1) dumping done by those who don’t live in the 
watershed and 2) dumping done by those who likely live in and travel through the watershed 
regularly.  Lack of city services to facilitate proper disposal of trash was also identified as a 
community concern. These perceptions are supported with excerpts and images such as the 
following: 
 “People [are] passing through communities [and] relieving trash in places they don’t live 
in…,” and “Humans are using the creek for a trash dumpster. With trash inside, fish, birds, and 
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other wildlife has disappeared. It tells us that some in our community don’t take the time to 
properly dispose of trash. [There are] not enough trash cans along the street….some don’t care. 
Not enough trash cans are provided by the City. ”  
 
 
 
Figure 3. Illegal Dumping: “I actually saw the truck that was dumping this debris. I stopped and 
asked the driver what was going on and did he have the authority to dump this mess there. He 
said he was told to dump it there. I snapped the picture and called the number on the side of the 
truck. The owner of the truck said he didn’t know what I was talking about but that he would 
make sure the mess would be cleaned up. It never was…”  
 
Another researcher commented about a different photo: “This photo shows me what little respect 
people that don’t live here have for our community. [Our community] does have its problems but 
most of them come from outsiders that feel that they can just dump their trash here and drive 
away. From tires, bagged trash, old furniture to dead bodies (yes bodies have been found on 
overgrown lots) people feel that because this community looks abandoned it doesn’t really 
matter what they do.” 
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In association with photos of illegally dumped scrap tires in and around Proctor Creek, 
one researcher associated the large number of car repair and maintenance shops, in parts of the 
watershed, with dumping activities. The researcher wrote, “…[There are] irresponsible 
businesses…very little [is] being done about tires that can be used for more than dumping in the 
creek…the people who work around this area don’t care.” 
The photo below (Figure 4) and its caption refer to the belief that local businesses 
sometimes hire people to properly dispose of scrap tires who, in turn, illegally dump the tires in 
the Proctor Creek Watershed and other communities. 
 
 
 
Figure 4. Tires…Really??: “Simple minded people has taken it upon themselves to dispose old 
tires in Proctor Creek instead of paying money to properly dispose of the tires.” 
A health concern about tires was expressed this way: “Tires [are] being thrown on street near 
the creek…this is where mosquitoes set up habitats for breeding…”  
 
Researchers also indicated that they had concerns with community conditions and 
inadequate city services that help to enable illegal dumping: “[There are] not enough lights in 
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the community and not enough patrolling by code enforcement, and [‘no dumping’] signs being 
placed in certain areas.” 
 
 
Built environment stressors that influence health 
In addition to concerns about pollution, illegal dumping, aesthetics and water quality, 
watershed researchers identified built environment stressors that influence health in the Proctor 
Creek Watershed.  These built environment stressors are influenced, in part, by the natural 
environment. They reflect challenges of living at the water’s edge and downstream of impervious 
surfaces associated with dense development in the headwaters of the watershed. These stressors 
include flooding and the mold and mildew associated with it in housing located near Proctor 
Creek. Researchers linked those occurrences and conditions to potential health problems in the 
community as well as damage to and loss of property in the following words:  
 
“We need to address the flooding. When the water sits longer than 36 hours, that’s a problem.” 
“The houses are molded…children live here...senior citizens live here.” 
“We’re in the creek area, and there is mold and mildew.” 
“Mold and mildew have adverse effects [on people] in housing.” 
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Figure 5. What’s Going On?: “Dangerous living arrangement…mold and mildew…It floods 
here often as seen by the mold/mildew on [the] yellow house. [This] photo could educate people 
about the dangers of living near waterways.” 
 
With flooding can come displacement as well as damage and loss to property from soil 
erosion.  Particularly in downstream neighborhoods, watershed researchers shared frustration 
from homeowners who have lost inches of their residential property because of flooding and feel 
that their cries for help have fallen on deaf ears in city government. Watershed researchers 
captured photos and discussed the efforts that some residents have  instituted to develop their 
own structural barriers on their properties to prevent flooding, erosion, loss of property, and 
contact with the waters of Proctor Creek.  
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Neglect and Divestment of Public Resources 
 
Watershed researchers linked their perceived lack of investment in infrastructure 
improvements and government actions to restore Proctor Creek to perceptions that city 
government officials do not care about their neighborhoods and have in turn neglected this part 
of the city. A lack of meaningful community engagement opportunities by which residents can 
help influence planning decisions was also voiced as a key concern. 
 
 
Figure 6. Ugly and Forgotten:“…This was once a family residence [near]by Proctor Creek. 
Now it’s a dilapidated house in disrepair. Signs posted behind it say hazards and disease lie in 
the creek…mold, mildew, bacteria…Structures like this can remain for years and years in our 
community. Even if laws or ordinances exist, no one will take action. Ugly and abandoned is not 
enough. The city lacks funds. The maintenance codes cannot be followed. [The] community has 
no voice. Because of the hazardous and unhealthy creek, this caused the house to be vacant.” 
64 
 
When explaining what select photos tell us about life in the Proctor Creek Watershed, 
researchers wrote statements such as, “Having to watch things deteriorating before your very 
eyes;” “We are unimportant;” “No one cares;”  “[The] community and its resources have been 
neglected;” “Our community is not a priority to the city;” and, “The neighborhood seems 
forgotten…as if without any hope.” 
 
Despite the sentiment that government officials neglect neighborhoods in the Proctor 
Creek Watershed, watershed researchers are aware of renewed interest in the watershed (About 
Proctor Creek, 2014). The looming threat of gentrification in the wake of increasing 
development pressures in the watershed was discussed. While there was acknowledgement that 
“…change is going to happen,” and the admission that, “we need new residents in the 
community…” because of high vacancy rates in parts of the watershed (Neighborhood Nexus, 
2010), the watershed researchers were concerned that,”…environmental clean-up and restoration 
of Proctor Creek will happen only after in place residents are pushed out for newcomers.” 
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Figure 7. Site for Sore Eyes: “They don’t really care about us! Our community’s historical 
houses that sits on Proctor Creek [are] deteriorating from mold, mildew, and asbestos. They are 
not trying to save the historical value, rather they want to tear down and gentrify.” 
 
When responding to why conditions of blight and environmental degradation exist in the 
community, researchers provided commentary such as, “Bureaucracy,” and “No one is noticing 
that [our] neighborhoods are suffering…”  
 
There was a consistent refrain represented in commentary about visual images that relate to the 
need for government accountability and urgent action to address the challenges in the Proctor 
Creek Watershed:  
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 “People in higher places are not held accountable for the positions they’re in and [are] not 
being responsible once they get your vote.” 
 
 “Get local officials to take our community more seriously about our creek…Things are this way 
because someone failed to follow through. There should be more accountability to what happens 
in our community.“ 
 
 
Hope for the future of the Proctor Creek Watershed 
 
In the eyes, hearts, and minds of community residents, there is value, life and beauty in 
Proctor Creek and the neighborhoods through which it flows, despite the pollution and other 
stressors.  Proctor Creek as a natural resource with potential to improve quality of life in the 
watershed also emerged as a strong sub-theme in the research.  The creek as wildlife habitat and 
a natural asset for the community resounded in both written commentary and critical 
conversations about visual data alike.  One researcher referred to Proctor Creek as, “a hidden 
treasure,” while another researcher referred to it as: “Natural beauty…wildlife habitat.” The 
photo below captures a challenges like erosion along the banks of Proctor Creek while also 
celebrating its beauty.  
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Figure 8. Granite Falls (Proctor Creek): “Scenic beauty, bare tree roots from erosion, fall colors, 
steamy water in frosty sunrise…gorgeous nature in our backyard..” 
 
When recounting childhood memories about Proctor Creek, one researcher lamented over 
the visual evidence that she and other researchers collected that affirmed its transition from a 
valuable natural resource to a dumping ground:  
 
“As a child I enjoyed the environment of the neighborhood, about a block from my house.  I used 
to walk down to the creek because I enjoyed the scenery. It taught me how to experience nature 
for myself, and I learned about different birds just from their colors, shape and sizes. I watched 
the different insects that flew around the environment of the creek.  As I listened to the water, 
crickets and frogs sang in my ears. Most of all, I loved catching craw-fish and fish as they swam 
through the stream of the creek…[Now] I see a place where kids can’t play anymore…The 
importance of this water is being overlooked… [You] can’t play in the natural habitat. [It is] 
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used as a dumping spot… Back then, I wasn’t even afraid to drink the water. Now, I’m afraid to 
touch it…”  
 
Other researchers had similar memories expressed in these ways: 
 
“I remember the habitat that used to be around the creek and how alive it was. Over the years, it 
has changed tremendously. It’s toxic. The water is toxic…” 
“I see a place where I used to play in the water and watch fish swim in the creek and catch 
crawfish. Because of the leaves and trash impacting [the creek] all the beauty of the creek has 
disappeared. 
 
Critical conversations about community concerns led to dialogue about community-
driven solutions and policy change to address or mitigate said concerns.  Solutions proposed by 
watershed researchers to improve health and quality of life in the Proctor Creek Watershed 
included increasing opportunities for meaningful community engagement so that residents most 
impacted by proposed changes in the Proctor Creek Watershed are a part of the planning efforts, 
increasing acreage of parks and greenspace in the Proctor Creek Watershed (particularly in the 
headwaters communities), implementing green infrastructure projects to help alleviate flooding, 
creating a comprehensive stormwater management plan for the watershed, and advancing a 
stormwater utility. Finally, investments in sewer and other infrastructure, more vigilant 
enforcement of illegal dumping laws, more effective code enforcement, and the creation of jobs 
to employ community members to perform critical services that are not being addressed by 
government were primary sub-themes.  
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One photo depicted a vacant property overgrown with kudzu. The researcher wrote the 
following: “This area has been vacant for years. [It] would make a great park or walking trail 
for a healthy community. The land in our community has great potential. It could be used for a 
new and improved neighborhood and would increase community value.” 
Not all solutions were externally focused on decision makers. Some were focused on 
residents, themselves: “The residents need to take control of their neighborhood. If we continue 
to allow this level of disrespect, it will continue to happen. Also, we need to be role models for 
everyone. This is where we live and we should help maintain it, clean it, and teach the youth to 
respect the land. Give back more than you take out.”  
Researchers expressed their desire for Proctor Creek to, once again, be fishable, 
swimmable, and playable.  Proctor Creek is a legacy that residents want to leave for younger 
generations. The hope for the future is anchored in remembrance of the past---what Proctor 
Creek used to be like----the ways that Proctor Creek was a usable asset and resource for the 
community. These desires were expressed through statements like the following:  
 
“…[I want to] return the creek to its [former] glory.” 
 
“[I’d like to] restore the creek back to its original status to give [the] community its vibrant 
luster.” 
 
“I’m overwhelmed, but if I can share with my grandkids the beauty that once was, and if I can 
help beautify it and bring it back, I will…” 
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 “My interest right now is revitalizing the creek and trying to do whatever I can…I would just 
like to drink it again. Because when we was kids, we drunk from that creek. Everything 
connected to that creek, we were a part of. [My goal] is beautifying it and seeing it revamped. It 
was told to me that they used to baptize in the creek. Now, I’m scared to put my foot in it, to go 
near it because of the toxics in it…”   
 
“I learned to swim in that creek. I played in that creek, fished in that creek. I just want it like it 
was…”  
 
Discussion 
 Photos taken by the watershed researchers illustrated commonalities and shared concerns 
about a wide selection of natural and built environment stressors and social, political, and 
environmental conditions that can influence health and quality of life in urban settings.  These 
concerns, about the city of Atlanta as well as other urban settings, have been documented 
elsewhere in other published literature (Mariano, 2014; Kreuter et al., 2012; Redwood et al., 
2010; Runfola & Hankins, 2009). These concerns link urban policies and practice to negative 
health outcomes and poor quality of life as represented in the conceptual model depicted in 
Figure 1.  Proctor Creek is seen by the watershed researchers in its duality----a community 
hazard and an asset to be celebrated, valued, and restored to its former glory as a focal place for 
community activity. The perspectives of the researchers demonstrate concern for numerous 
environmental challenges impacting the creek itself, the neighborhoods through which it flows, 
and the people who inhabit the watershed.  
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Some community concerns voiced here have been well documented beyond this 
photovoice project. Derelict properties dot the watershed landscape, while investors buy 
properties and some intentionally allow them to fall in disrepair (Mariano, 2014; Runfola & 
Hankins, 2009)---a practice that residents consider a precursor to gentrification. In addition to 
citing blight and disinvestment in the watershed, watershed researchers concurrently described 
how neglect by government and lack of effective engagement of the impacted community in 
planning decisions are also culprits of the negative transformation of the community thus far.  
Other concerns identified by the watershed researchers, such as inadequate parks and greenspace, 
housing-related hazards such as mold, and neighborhoods that are vulnerable to flooding, have 
also been identified as community challenges that deserve further research and attention from 
researchers and decision makers in environmental justice literature (Faber & Krieg, 2005).  
 
 
Strengths and Limitations of the Study 
A strength of this study is the use of a CBPR approach. The collaborative nature of such 
an approach calls for the equitable involvement of all partners in the research process while 
valuing the unique strengths, perspectives, and knowledge that all partners bring. By beginning 
the research with a topic of importance to the community, the typical top down approach to 
research was replaced with a bottom-up effort that accepts and understand the importance and 
viability of community knowledge and local and cultural context when trying to promote social 
action, improve community health, and eliminate health disparities (W.W. Kellogg Foundation, 
2001; Israel et al., 1998). 
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The collaborative nature of photovoice allows participants to share and teach their truths 
to each other, other community members, and decision makers in an effort to initiate critical 
conversations about issues impacting health and quality of life and to advance social change. 
Participants also develop valuable skills that can increase agency to advocate for solutions to 
issues of concern for community residents. These skills include reflecting on their truths and 
realities of life in their communities (Wang, 1999), and reflecting on and understanding the 
interactions between community realities and municipal policies and practice.  
While the methods were made intentionally broad so that the researchers had maximum 
flexibility to select the themes that they wanted to represent through their photographs, the 
majority of the photographs taken for this project did not include people in them. Because the 
study was physically situated in the Proctor Creek Watershed and participants were required to 
live within the watershed boundaries, researchers might have depicted the creek in the majority 
of their photos because they thought that the academic partner was looking primarily for such 
photos. At least one researcher felt the need to justify taking photos that did not include the 
creek; explaining that the images represented other challenges that impacted her quality of life 
(i.e. blight and inadequate code enforcement).  Also, the results are not generalizable to all 
residents living in degraded, urban watersheds, however these data provide valuable insight into 
the perceptions of a portion of the population and can be used as preliminary data for future 
research. 
 
Dissemination and next steps 
 The watershed researchers shared their photographs and commentaries at two “sneak 
preview” community exhibitions; displaying 20% of the photovoice collection and attended by 
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mixed crowds of Proctor Creek Watershed residents; policy makers; and representatives from 
non-governmental organizations who are currently working in the watershed on issues related to 
water quality monitoring, food security, parks and greenspace acquisition, and development of 
affordable housing.  Dissemination of the research results is regarded as an ongoing need that 
cannot be accomplished in a single outreach event. As a result, a larger exhibition followed by a 
watershed-wide traveling tour are being planned to display photographs from the photovoice 
collection at libraries, community and recreation centers, and other large gathering spaces and 
centers for civic activity in the watershed.   
Just as the research dissemination will be an ongoing process the advocacy efforts, that 
have been initiated through sharing photographs and commentary from the project, will also be 
pursued over time.  Systemic change takes time. The environmental health challenges witnessed 
and experienced by Proctor Creek Watershed residents and the economic, social, and political 
conditions that created them did not happen overnight. The advocacy needed to produce social 
action and the changes needed to address community challenges are also expected to happen 
over time and only through the success of long-term organizing strategies.  
 
Conclusion 
In summary, residents of Atlanta’s Proctor Creek Watershed, who served as watershed 
researchers, identified specific urban policies and practices that influence negative health 
outcomes and poor quality of life in their urban, environmentally degraded community. Their 
comprehension of the links between built and natural environment stressors, blight and 
divestment of public resources, and lack of effective and meaningful engagement of the affected 
community in planning and decision-making is informed by their lived experience as residents of 
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the watershed. Residents’ articulation of these key challenges in the context of historical memory 
and connections to sense of place led to a positive vision and hope for the future: a fishable, 
swimmable, playable Proctor Creek and environmental, economic, and social equity benefits for 
the community. This study is one of few that has engaged urban watershed residents in defining 
environmental health risks, community challenges, and assets and strengths to mitigate said risks 
through a systematic and participatory methodology of taking photos to encourage critical 
analyses of community issues and to advance policy and social change. The value of local 
knowledge was realized in identifying environmental health challenges as well as their potential 
solutions. The importance of communities giving voice to their challenges and identifying 
community assets and strengths that might aid in addressing and overcoming such challenges is 
consistent with key tenants of environmental justice and is too often overlooked in traditional 
stakeholder approaches.   
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Mapping the Hidden Hazards: Spatial Data Collection of Street-Level Environmental 
Stressors in a Degraded, Urban Watershed 
 
Key words: participatory mapping; community GIS; participatory GIS; Community-based 
participatory research (CBPR)         
 
ABSTRACT 
 
We utilized a participatory mapping approach to collect point locations, photographs, and 
select attributes of built environment stressors identified and prioritized by community residents 
living in a degraded, urban watershed in Northwest Atlanta, GA. Proctor Creek Watershed 
residents used an indicator identification framework to select three watershed stressors that 
influence urban livability: standing water, illegal dumping on land and in surface water, and 
faulty stormwater infrastructure. Through a community-university partnership and using 
Geographic Information Systems and digital mapping tools, watershed researchers collected data 
associated with these stressors to create a spatial narrative that offers visual documentation and 
representation of community conditions that negatively influence both the environment and 
quality of life in urban areas. We demonstrate that community-based knowledge can contribute 
to and extend scientific inquiry while also helping communities to advance environmental justice 
and leverage opportunities for remediation and policy change. 
 
Introduction  
Both natural and built environments contain environmental hazards and stressors that 
negatively impact urban communities, and the existence of these hazards and stressors is often 
coupled with inequitable distribution of exposures, risk, and vulnerabilities (Kjellstrom et al., 
2007; Satterthwaite, 1993; Srinivasan et al., 2003).  Urban settings, therefore, pose special 
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challenges to addressing population health and heath disparities (Barnett et al., 2011; CIHI, 
2010; Gee & Payne-Sturges, 2004; Northridge et al., 2003).    
The Framework for Urban Health posits that the health of urban populations is a 
function of urban living conditions and municipal-level determinants as well as national and 
global social, economic, and political trends (Galea et al, 2006). Because of the direct 
influence that urban living conditions have on the health of urban populations, this conceptual 
model suggests that urban living condition are the most feasible determinant to modify and 
that seeking to make, ”specific and targeted changes,” in these conditions should be 
prioritized to improve the health of urban populations (p. 12).  
The built environment is inextricably linked to urban living conditions. Exploring the 
influence that aspects of the built environment have on the health of urban populations helps 
to broaden understanding of the environmental health challenges in cities, as well as identify 
opportunities to make tangible built environment modifications to promote health and 
improve quality of life (Vlahov et al, 2007; Srinivasan et al., 2003). Studies that examine the 
existence and quality of municipal services such as sanitation, drainage, infrastructure 
maintenance, garbage collection, and access to safe drinking water, through a regulation and 
enforcement lens, tend to support policy-level changes (Vlahov et al, 2007; Galea & Vlahov, 
2005; Bell & Rubin, 2007; Cook, 2008; Corburn, 2004; Freudenberg, et al., 2011; Gonzalez 
et al., 2011). 
 While widely used to engage lay citizens in making biological observations about the 
natural world (Dickinson et al., 2010; Silvertown, 2009; Sullivan et al., 2009), in recent years, 
citizen science in air and water quality monitoring and other community-based approaches have 
been used to address a wide range of health and environmental justice challenges in community 
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settings (Downs et al, 2008).  Few published studies, however, focus on built environment 
stressors; thereby presenting challenges with identifying evidence-based practice aimed at 
improving urban living conditions to promote health.  As noted by Northridge et al., (2003),       
“While the theory that connects the built environment to health and well-being is intuitively 
plausible, we still have a long way to go in collecting sufficient empirical data to make 
convincing appeals for planning and policy changes by the weight of the evidence,” (p. 557). 
Participatory mapping approaches apply citizen science principles and draw upon the 
fields of community mapping and Public Participatory Geographic Information Systems 
(PPGIS). While community mapping doesn’t require professional mapping expertise and is led 
by members of a community who use local knowledge to inform dialogue about particular spaces 
and the environmental, political, economic, and social conditions that shape them (Parker, 2006; 
Perkins, 2007), PPGIS is an approach through which GIS practitioners attempt to make GIS 
more accessible to members of the public and provide vehicles through which citizens are 
empowered to influence spatial decision making (Abbot et al. 1998; Craig et al.,2002; Mukherjee 
2015). Through community based participatory research and other community-academic 
partnerships, community knowledge can be joined with technical mapping expertise to create 
alternative community narratives that can influence investment of resources and urban policy and 
practice to improve environmental quality and promote health. 
  According to Pavloskaya, GIS can be powerful because of, “…its ability to create visual 
images of the world based on scientific information, to unveil previously hidden natural and 
social landscapes with an authority of science,” (2009). The use of GIS allows for not only map-
making and visualization of data, but also complex spatial analysis (Abbot et al., 1998). 
Participatory approaches such as photovoice use photographs to raise awareness about critical 
community issues and advance policy change (Jelks et al., 2016; Cannuscio et al., 2009; Carlson 
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et al., 2006).  Pairing visual evidence with traditional analytical research methods such as the use 
of GIS makes research processes more accessible to and useful for citizens in crafting 
compelling community narratives that can be presented to fellow residents and decision makers 
and used as the basis for remedial action and better environmental management.  Documenting 
community conditions both spatially and visually can assist community residents in influencing 
spatial decision making.    
 The purpose of this article is to describe the process and findings of a collaborative 
community-university partnership forged to elevate Proctor Creek Watershed residents’ 
knowledge of street-level environmental hazards, through collection and analysis of spatial and 
visual data, and to leverage this knowledge to advance meaningful engagement in community 
decision making that achieves environmental justice and policy change.   
 
Methodology  
Study Area   
The Proctor Creek Watershed is located in Northwest Atlanta, Georgia.  After decades of 
public disinvestment and neglect, watershed residents are faced with multiple environmental 
challenges that may pose health risks including: illegal dumping, impaired water quality, aging 
and polluting sewer infrastructure (combined sewer overflow system), brownfields, pervasive 
flooding, and elevated risk for West Nile Virus infection (Jelks et al., 2016; U.S. EPA, 2008; 
Vazquez-Prokopec et al., 2010; ARC, 2011; City of Atlanta, 2013). The stream and its tributaries 
flow through residential neighborhoods (including residential lots), public parks, and school 
grounds. Community meetings with watershed residents have also revealed anecdotal accounts 
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of fishing in the stream for the purpose of consumption. Recently, Proctor Creek’s was 
designated a priority area for investment through Urban Waters Federal Partnership, and this has 
resulted in increased interest in the area (Jelks et al., 2016; U.S. EPA, 2013; Wheatley, 2013) 
 
Community-Driven Research Agenda 
This research was conducted over a five-month period and commenced with the 
identification of indicators representing street-level environmental hazards by Proctor Creek 
Watershed Researchers. These researchers (described in Jelks et al., 2016) developed the 
indicators in response the following questions: 1) What contamination and pollution is in the 
Proctor Creek Watershed?; 2) What potential human health impacts are there from this 
contamination and pollution?; and 3) What actions can be taken and/or proposed to address these 
environmental and human health hazards? The watershed researchers triangulated existing data 
by using both publicly available “expert” data obtained from U.S. Environmental Protection 
Agency databases and community generated data, obtained from a photovoice project (Jelks et 
al., 2016).   
 
Inclusion Criteria for Indicators 
The watershed researchers adapted and agreed upon an indicator identification 
framework and inclusion criteria from the work of Badland et al., (2014). Once identified, 
indicators were divided into three categories, based on said inclusion criteria: 1) The indicator is 
promising because it meets at least 50% of the criteria; 2) The indicator may be useful but 
requires further development to meet the criteria; or; 3) The indicator is not useful for our 
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research purpose, either because it fails to meet the criteria of interest, or is redundant because of 
similar, but more promising measures. Through a ranking process, the watershed researchers 
prioritized three locally relevant indicators: 1) locations where there is often standing water or 
where water commonly pools or collects, 2) locations where there is illegal dumping (in Proctor 
Creek or its tributaries or on land surfaces in the Proctor Creek Watershed), and 3) locations 
where there is faulty stormwater infrastructure (clogged or collapsed storm drains, sinkholes or 
depressions caused by inadequate drainage).  
 
Co-Development of Digital Data Collection Tools 
Through a collaborative process, the Proctor Creek Watershed Researchers worked with 
faculty and students from the Georgia State University School of Public Health and Department 
of Geosciences to develop a digital data collection tool using the Environmental Systems 
Research Institute (ESRI) ArcGIS Online program. The Proctor Creek Citizen Science 
Application (App) is downloadable to smart phones and tablets and is connected to a database 
server that allows for real-time data collection, storage, and sharing.  
The app also allows for the collection of photos and/or videos, and prompts the user to 
record global positioning system (GPS) coordinates of the location being mapped. Data can be 
recorded by multiple app users simultaneously and updated on the server in real time; allowing 
teams of data recorders to physically see where other data collection is happening and to prevent 
duplication of efforts in the field. Use of the App is currently restricted to study participants, and 
the App is compatible with Apple and Android mobile phones and tablets.  
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Data Collection  
A total of 10 watershed researchers were paired with faculty and students from GSU in 
five field teams of four persons each to collect data within the Proctor Creek Watershed 
boundaries using the Proctor Creek Citizen Science App. Two watershed researchers were 
assigned to each team. The researchers determined the routes to travel for data collection based 
on their knowledge of areas that were heavily impacted by standing water, illegal dumping, and 
stormwater infrastructure challenges. While they watershed begins in downtown Atlanta, the 
researchers began their mapping in two heavily impacted neighborhoods, English Avenue and 
Vine City and moved further west into the lower reaches of the watershed. The routes selected 
corresponded with heavily travelled (by both car and foot traffic) arteries and the corresponding 
side streets. In the upper reaches of the watershed the researchers travelled by foot from south to 
north on Northside Drive and Joseph E. Lowery Blvd. and from east to west on Dr. Martin 
Luther King Jr. Drive, Joseph E. Boone Blvd, and Donald L. Hollowell Parkway. As they 
transitioned downstream, the researchers continued moving in a westward direction on Joseph E. 
Boone, Dr. Martin Luther King Jr. Drive, and Donald L. Hollowell Parkway.  
Each team had a minimum of one device that was connected to the ArcGIS online 
application. Phase one of the data collection occurred during two separate two-hour field 
sessions in March and April 2015. Phase two of the data collection occurred during three 
subsequent sessions in May, June, and July 2015 and included only community researchers and 
the lead author. A community-generated Proctor Creek map of environmental hazards was 
developed with the data collected by the research teams.   
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 Figure 1: Proctor Creek Watershed Researcher mapping a vacant lot with illegal dumping beside a vacant and       
  abandoned house 
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Data analysis 
The lead author and watershed researchers used ArcGIS Online functions (query and 
analysis tools) to aggregate and analyze the data contained in the community-generated Proctor 
Creek map.  A series of maps were generated to visually display the data collected by the 
research teams.  Heat map analyses were conducted to visually explore density, and hot spot 
analyses were performed to map statistically significant patterns of clustering within the data. 
Select results from this statistical analysis are included in the Results section. Each stressor was 
explored individually using the hot spot analysis tool, and a merged layer of related stressors 
exhibiting statistical significance were analyzed to produce a heat map. The queries conducted 
were determined by the watershed researchers. 
 
RESULTS 
App Development  
Domains with subtypes were created in each feature class, representing Proctor Creek 
watershed stressors, to minimize data entry challenges for the end users entering data into the 
Proctor Creek Citizen Science App. A series of data entry prompts were developed into an easy-
to-use, drop-down, multiple choice menu of data fields that corresponds to each hazard identified 
and mapped (see Figure 2). Data fields include type of hazard, location, amount, and other 
hazard-specific data as detailed in Table 1.  Optional field notes from the user can also be entered 
into the database. 
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 Figure 2: Examples of entry fields for data entry in the Proctor Creek Citizen Science App 
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Table 1: Hazard-specific data choices from drop-down menus collected in the Proctor Creek Watershed Citizen  
               Science App 
 
Over a period of five (5) days (total 10 hours), the community-university and community 
field teams mapped 50% of the watershed. We produced a community-generated map that 
accompanied by its database, pinpoints exact locations of and photographs depicting 
environmental hazards in the watershed. A total of 275 data points were generated across all 
indicators. Illegal dumping on land made up 44% (121 of 275) of the total data points followed 
by locations of stormwater infrastructure problems at 42% (116 of 275), locations with standing 
water at 9% (25 of 275), and illegal dumping in the creek at 4.7% (13 of 275). Point locations 
representing these hazards are displayed on the community-generated map (Figure 3).  
The data were analyzed using the ArcGIS Online hot spot spatial analysis tool to detect 
statistically significant hazard clusters using the Getis-Ord GI* statistic.  The p-values and z-
scores that result from this analysis help identify areas where high or low values cluster spatially 
(ESRI, 2013).  In these maps, the orange and red colored blocks represent hot spots or a 
Type of Hazard Recorded in App Hazard Specific Information Recorded in App 
Standing Water/Pooling Water -Raining right now 
-Not raining right now 
-Not raining now, but rained in last 48 hours 
-Visible evidence of mold on buildings nearby 
-Presence of damp, moldy smell in the area 
Type of Illegal Dumping in Water -Sewage/floatable solid 
-Non-point source pollution (bottles, cans, potato chip bags, etc.) 
-Heavy Debris (tires, heavy items that someone most likely had to put 
directly into the creek) 
-Other 
Type of Illegal dumping on Land  -Construction or other building materials  
-Scrap tires  
- Housing debris (couches, mattresses, furniture, etc.) 
- Assorted debris (mixture of household trash, litter: cans, bottles, plastic 
bags, etc.) 
-Other 
Type of Stormwater 
Infrastructure Problems 
-Clogged storm drains 
-Clogged stormwater pipes 
-Collapsed storm drains 
-Sinkholes/Depressions 
92 
 
statistically significant clustering of high values. The darker the color, the higher the confidence 
levels (ranging from the 90% to the 99% levels). Yellow blocks are not statistically significant. 
No cold spots (blue colored blocks representing statistically significant clusters of low values) 
were identified in any of our analyses, however there were both hot spots and areas in which the 
patterns are random (depicted by yellow blocks). Individual analyses of the illegal dumping on 
land and stormwater infrastructure challenges data revealed 28 and 23 statistically significant 
features respectively, based on application of a false discovery rate (FDR) correction for multiple 
testing and spatial dependence (ESRI, 2016).  These clusters are shown in figures 4 and 5. In 
figure 6, we display a heat map that allowed the study participants to see visually where the 
highest density of both illegal dumping on land and location of stormwater infrastructure 
problems exist. The map visually represent the largest areas where most of the points are 
concentrated and symbolized with colors to represent these areas. Because heat maps only 
account for the geographic location of point features on a map, statistical significance cannot be 
assumed. (ESRI, 2015). Examples of photographs taken to visually document hazards mapped 
by the watershed researchers are found in Figure 7. 
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 Figure 3: Community Generated Map of Proctor Creek Hidden Hazards  
 
LEGEND:         - Stormwater infrastructure problems         - Illegal dumping on land    
                       - Locations of standing water                 - Illegal dumping in water 
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Figure 4: Statistically significant clustering of areas with illegal dumping mapped by community researchers in the  
  Proctor Creek Watershed  
LEGEND -  - Statistically significant clusters  - Non Statistically significant clusters 
         - Illegal dumping on land 
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 Figure 5: Statistically significant clustering of locations with stormwater infrastructure problems mapped by  
  community researchers in the Proctor Creek Watershed   
         
LEGEND -  - Statistically significant clusters  - Non Statistically significant clusters 
         - Stormwater infrastructure problems 
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 Figure 6: Areas of highest density (depicted by the colors yellow and red) of illegal dumping on land and locations  
of stormwater infrastructure problems in the Proctor Creek Watershed (does not denote statistical    
significance)  
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Standing Water 
 
 
 
Stormwater 
Infrastructure 
Problems 
 
 
 
Illegal Dumping 
(land) 
Figure 7: Examples of photographs documenting Proctor Creek Watershed hazards 
 
Discussion 
This study was designed to explore and document community knowledge of 
neighborhood-level environmental hazards. Unlike many GIS projects, the database design was 
controlled by the research participants. Local knowledge and technical mapping expertise came 
together to enact a community plan that included both collaborative design of the app and data 
collection. The collaborative effort between community and university partners enabled a tech-
savvy phenomena to be put it in the hands of and effectively used by a non tech-savvy audience. 
This participatory mapping approach connected maps to visual stories of hazards that were 
“hidden in plain sight,”--- abundant and widely distributed across parts of the Proctor Creek 
Watershed landscape yet seemingly invisible to decision makers and others who are positioned 
to help improve urban living conditions in Atlanta neighborhoods. 
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Although mapping has only been conducted in roughly 50% of the watershed, the field 
research teams identified a host of statistically significant areas in the Proctor Creek Watershed 
that warrant improvements with respect to illegally dumped trash and debris on land and in terms 
of the condition and maintenance of stormwater infrastructure (i.e. clogged and sometimes 
collapsed storm drains).  The heat map generated after conducting spatial analysis on the merged 
layers representing these two data sets illuminates the need to pay attention to these areas. While 
heat maps are tools for data visualization, and the color gradients indicate areas of increasingly 
higher density (from blue to, purple, red, orange, and yellow respectively), these maps do not 
necessarily depict statistically significant data as the maps displaying hot spots do. Watershed 
researchers, however, found such maps useful to communicate to decision makers which areas in 
the watershed they deem necessary to prioritize for remedial action (areas characterized by red 
and yellow).   
The data collected by community residents, even in the initial stages proves “community 
truths” and validates local, spatial knowledge with respect to the existence of, often overlooked, 
environmental hazards. Proctor Creek Watershed residents are optimistic that having valid maps 
and spatial data accompanied with photographic images can move city officials from inaction to 
action and motivate fellow watershed residents to increase advocacy efforts designed to improve 
deleterious environmental conditions. 
 
Study Strengths and Limitations   
Maps speak the language of the decision makers, and in this case, the community-
generated map gives the community voice that is supported by location-specific visual evidence. 
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It conveys context about built environment stressors in the watershed and can ignite discourse 
about underlying root causes associated with community challenges. The participatory mapping 
approach empowers community residents with a vehicle through which they can contribute their 
spatial knowledge to inform local planning and environmental management decisions and 
practices.  It demonstrates action instead of reaction; helping community residents to create a 
place for themselves at planning, code enforcement, and watershed management decision-
making tables. In addition to increasing community agency to press for remedial action and 
policy change, identification of hazard locations can also be used to plan community responses 
such as clean-ups and community education efforts to raise awareness about the causes, 
consequences of, and solutions to illegal dumping and other challenges experienced in the 
Proctor Creek Watershed.    
Despite its utility in helping to elevate and prioritize areas for greater public investment 
in community action, city services, and remedial measures, the methodological approach has 
several limitations. First, because the ArcGIS Online platform is internet-based, there are 
occasional problems with accessing the platform for field data collection. It is also possible that 
some data points show up in the wrong place; requiring data to be validated. Use of the app 
requires internet-enabled computers and/or mobile devices and leaves out those without access to 
them. Although recent literature suggests that smart phones are beginning to bridge the digital 
divide because of wider accessibility, even in developing countries (Dogbey et al, 2014), 
smartphone users tend to be younger in age than general cell phone users (Boulos et al., 2011; 
Lane & Manner, 2011); thereby adding a new dimension to the divide between those with and 
without access to contemporary communications devices. These younger users, when coming 
from low-income households, are more burdened by costs associated with accessing the internet 
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from mobile devices than from traditional computing platforms (Brown et al., 2011). Using apps 
like the one described herein may then prove costly if mobile users have a limited data plan.  
Furthermore, while access to the ArcGIS Online platform, on which the app operates, is free, a 
subscription is required to perform data analysis.  
 Our study-specific data collection was limited and might be biased by where the research 
teams went. Our data does not represent findings from across the entire watershed. Meaningful 
data analysis was subsequently limited due to its dependence on a minimum number of points to 
identify statistically significant spatial clustering within specific hazard types. The content that 
that we designed the Proctor Creek Citizen Science app to collect was also not streamlined to 
allow for greatest utility in advanced data analyses. While the app prompts users to quantify the 
amount of illegal dumping identified, it does not do so for the amount of standing water or 
prompt users to distinguish highly clogged storm drains from those that are minimally clogged.  
Being able to identify the data points with the highest impacts through data analysis queries will 
enhance the ability of this approach to help planners and other municipal officials determine 
where the most immediate remedial measures should be applied. 
User subjectivity can also influence what is deemed significant and consequently, what 
should be documented. Our app allows users to document visual evidence to substantiate the data 
points collected, however the decision to map or not to map lies in the hands of individual 
researchers. Although there was agreement on the environmental stressors to document in the 
study area, there were differing perspectives with respect to mapping specific sites. Because of 
the seemingly ubiquitous nature of illegal dumping in the Proctor Creek Watershed, this hazard 
was underrepresented in the community-generated data. In some cases, watershed researchers 
felt that occurrences of illegal dumping, were so commonplace that every pile did not rise to the 
101 
 
level of needing to be documented. What was not documented may be just as important as that 
which was documented and is likely to have a great impact on the effectiveness of the approach.  
 
Directions for Action and future research 
There is consensus among the watershed researchers that maps, photographic 
documentation, and GPS coordinates are vital to having productive interaction with government 
officials that is capable of advancing corrective action. Proctor Creek Watershed residents have a 
mechanism for which they can use to hold government officials accountable. If repeated in the 
designated study area over time, such an approach can also be used to track remedial action and 
spatio-temporal changes in urban living conditions. Highlighting otherwise hidden hazards is the 
first step in ensuring that they receive the attention they deserve. At minimum, the utility of this 
approach for local planning, watershed management, and code enforcement practices can be 
enhanced as additional data is collected and analyzed.  It will also be important to determine if 
the results of this participatory mapping approach can lead to production of a comprehensive, 
fine grained data layer that is appropriate to integrate with publicly available data for the 
purposes of cumulative risk assessment and impact analyses. In contrast to the environmental 
hazards in the Proctor Creek Watershed identified in other studies (Jelks et al., 2016), none of the 
relevant environmental hazards identified by the watershed researchers were chemical hazards. 
Uncovering these hidden hazards for integration with publicly available hazard data is consistent 
with other community-engaged research to explore non-chemical stressors in the context of 
approaches like cumulative risk assessment. The integration of publicly available data with data 
obtained through participatory mapping will lead to more accurate maps of watershed residents’ 
proximity to hazard sources than can be generated with publically available data alone.   
102 
 
Conducting training refresher sessions to help study participants retain app user “know 
how” and providing training to expand use of the app to new participants will help to sustain on-
going engagement. Presentation of preliminary data collected with the app has already led to 
discussions with city government officials about identification of scrap tires for which funds can 
be obtained for clean-up from a state government program. The aforementioned group of 
researchers have now also been trained to identify illicit discharges (pollution from pipes and 
drains) into Proctor Creek; a data attribute that can be added to enhance the pre-existing app.  A 
relationship with city watershed protection officials is being forged that is expected to yield 
faster responses to watershed-based problems than prior to these community residents’ 
engagement in this process. As new users and user groups are trained in the use of the app, 
however, there will be a need to verify and perhaps edit new data entries. Particularly, if any data 
points are added via computer and not in the field, location of the hazards will need to be verified 
prior to presentation of the data to decision makers or for advocacy purposes. 
 
 
Conclusion 
This study contributes to ongoing discourse with respect to meaningful citizen 
engagement in urban planning and health promotion strategies to improve built environment 
outcomes that is consistent environmental justice principles and best practices for public 
participation in environmental and other public health decision making. The case demonstrates 
the   benefits derived from using community-generated spatial data to examine community 
concerns. This approach can help democratize decision making and can alter power relations by 
putting powerful data in the hands of community residents to help prioritize and leverage action 
when issues go unseen or are consistently unaddressed.  
103 
 
Because ArcGIS Online is an open source platform, it can be adapted to meet specialized 
needs and concerns in a wide range of locales. Because of the resources needed, however, such 
an approach should be pursued on a case-by-case basis and should not be considered a universal 
solution. It is, however, a viable option for activities that expand meaningful community 
engagement alternatives for those desiring to influence local, urban governance. When 
community-based organizations partner in meaningful ways with academic institutions, resource 
limitations can be overcome; both in terms of access to devices needed to conduct field activities 
as well as the technical expertise required to design digital data collection tools based on needs 
expressed by community stakeholders.  
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Directions for Future Research 
 
The field of cumulative risk assessment continues to evolve as different methodological 
approaches are used and different spatial scales are included in cumulative impact analyses. 
Screening level tools are useful to help determine rudimentary ranking schemes of negatively 
impacted areas at various units of analysis (i.e., zip code level, county, census tract, census block 
group). They are limited, in their utility, however because of the data from which they derive their 
analyses. Publicly available data is typically used for transparency and to facilitate consistent 
approaches and comparisons across different locales.  The availability and type of data used in 
cumulative risk analyses can limit the ability of these analyses to provide relevant data for ranking 
and decision making at neighborhood or street scales, where most environmental justice 
communities tend to be concerned. 
Through examining both primary and secondary data used in this three-part study, 
environmental hazards were not as prevalent as members of the Proctor Creek community thought 
that they were, due in part, to the limitations of the publicly available data. Expanding this current 
body of research in a manner that would be meaningful to the affected community would require 
integration of key, yet disparate data sources such as the age and condition of occupied housing 
stock, risk of West Nile Virus, percent impervious surface, percent vegetative cover, capacity of 
green infrastructure to prevent flooding events, and water quality data. The analyses conducted 
and described herein can also be expanded by the integration of local data with existing publicly 
available data to create a more robust understanding of both chemical and nonchemical hazards 
impacting the Proctor Creek community.  Filling information gaps with respect to potential 
exposures that affect vulnerable populations within communities can be targeted through 
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developing effective community partnerships. Building on previously identified community 
assets, residents can engage in citizen science efforts to help collect meaningful data through which 
cumulative impacts analyses can be extended.  
Exploration of the integration of locally collected environmental hazards data, particularly 
non chemical environmental hazards would greatly advance cumulative impact analyses 
approaches. Both this dissertation and previously published results from cumulative risk 
assessments and cumulative impacts analyses have cited the need to integrate local data, however 
some have fallen short of bringing together publicly available data with local, citizen science data 
to measure the extent to which cumulative impacts analyses are improved by the inclusion of local 
knowledge and citizen science data.  
 
Conclusion 
 
In a local context, this research helps to provide guidance for mitigating environmental 
risks and vulnerabilities and for making investments in community capacity-building, 
environmental monitoring, and community interventions in the Proctor Creek Watershed. It is 
also providing watershed residents with tools to influence local policy decisions.  The study’s 
impact is yet to be fully realized as data is becoming translated into action to inform and shape 
restoration and revitalization efforts in the watershed and to hinder siting of additional locally 
unwanted land uses. 
This study demonstrated and has helped an impacted community to identify and prioritize 
key environmental hazards that impair environmental quality and threaten human health in their 
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watershed. Engaging in this research has helped to support efforts to create an action plan to 
address environmental and public health hazards in the Proctor Creek Watershed. It also adds to 
the limited knowledge of methods that can enhance community-based cumulative risk 
assessment (CBCRA) research in urban, environmental justice communities. 
When collectively considering the participant-generated data in this study with the 
secondary, publicly available (expert) data, it is apparent that publicly available data alone is not 
adequate to define community challenges or solutions to those challenges. The publicly available 
data used in the cumulative impacts analysis reported herein failed to include community-
identified street-level “hidden hazards” in the Proctor Creek Watershed  such as illegal dumping 
sites, places where water pools and flooding occurs, and areas with stormwater infrastructure 
challenges that lead to localized flooding events. These data are not captured in publicly 
available data sets used by regulatory agencies.   
Collectively, the studies in this dissertation describe three distinct methodologies, using 
diverse types of data that can all be used as pathways to positive change and action for 
environmental justice communities. The use of participatory, citizen science offers opportunities 
for novel experiences that can shape grassroots engagement in environmental activism, urban 
planning, health promotion, and policy development and implementation. Not only does it 
democratize the process of scientific inquiry, but such efforts also have the potential to provide 
scientists and other experts with greater access to fine-grained data sets that fill in contextual 
gaps and improve scientific analysis and non-regulatory decision-making.  
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